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Abstract 
Industrial and mining related contaminants are frequently found in streams and may exhibit 
the potential for transport into adjacent floodplain deposits. Contaminants can sorb onto fine-
grained sediments or organic matter and be transported from the streambed into the floodplain 
during seasonal and extreme precipitation events. This transport mechanism was responsible for 
floodplain contamination in various areas impacted by mining activities in Germany and in at 
least one heavily industrialized setting in Chattanooga, Tennessee. The goal of this investigation is 
to determine if typical urban watershed sediments in Knoxville, Tennessee, where light industries 
are the primary expected contaminant sources, have elevated levels of industrial contaminants. 
The first stage of this study was to carry out a survey of areas in Knoxville that are prone to 
frequent flooding and have a history of industrial activity. The second stage was an in-depth 
characterization of field sites along Third Creek to determine the degree of anthropogenic 
modification, grain size distribution, organic matter content, and sediment depositional rates. The 
final stage of this investigation was the measurement of the concentration of typical industrial 
contaminants in Third Creek floodplain sediments. A variety of industrial contaminants including 
polycyclic aromatic hydrocarbons (PAHs), lead, cadmium, chromium, copper, mercury, and zinc 
were found to exist at elevated levels in near surface sediments, typically the upper 12 to 40 cm. 
This zone corresponds to sediments that were deposited after the Civil War based on deposition 
rates estimated using lead and cesium isotopes. Contaminant concentration profiles showed a 
statistically significant decline with depth at most sites. The results support the hypothesis that 
contaminants in post-Civil War (industrial age) floodplain sediments are a result of deposition 
during flood events. These results suggest that profiles of industrial or urban contaminants in 
floodplains could be used as preliminary indicators of sedimentation rates. The data generally 
support the hypothesis that elevated contaminant values are associated with organic matter and 
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fine-grained sediment.  The results suggest that floodplain soils in other cities may also have the 
potential to be impacted by industrial contaminants.  
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1. INTRODUCTION 
1.1 Impact of Industrialization on Contaminants in Urban Watersheds 
Cities in the eastern United States began undergoing great changes at the end of the Civil 
War as industrial practices dominated by hand labor were replaced by manufacturing using 
machine production. Much of this activity was centered on cities, creating rapid urbanization as 
large numbers of people moved from the countryside into urban areas to take advantage of new 
job opportunities created by this industrial expansion (Sokoloff, 1984). The period of 1914-1920 
saw an increase in the production of steel, copper, rubber, petroleum and other products as the 
United States tried to meet the demand of Britain and France, while also preparing for entry into 
World War I (Rockoff, 2008). World War II brought about a similar trend as civilian industries 
were converted to producing armaments and other war materials (Tassava, 2008). The end of the 
war brought the start of the petrochemical boom in the United States, with half of America’s 
organic chemical production based on oil and natural gas by 1950 (Boswell, 2014). While these 
events brought about major economic booms and technological advancements, the increase in 
industrial activity and urbanization created unforeseen environmental consequences. Over the 150 
years since the onset of industrialization, urban and industrial waste introduced a variety of 
contaminant types into the streams and waterways in many urban areas. Breaching of the river 
banks during seasonal and extreme flood events can result in the deposition of contaminated 
channel sediments into the floodplain. The potential for this record of contamination to be 
preserved in floodplain deposits in modern urban watersheds is investigated in this study. 
Many previous studies focused on contaminants in the streambed, but attention has only 
recently shifted to floodplain sediments. Several recent studies have shown that contaminants can 
accumulate in floodplain deposits as a result of floods (Estrany et al., 2011, Du Laing et al., 2009, 
Lecce and Pavlowsky, 1997, Martin, 2000, Martin, 2015, Owens et al., 2001, Vulava et al., 2017). 
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Select contaminants, including polycyclic aromatic hydrocarbons (PAHs), lead, and mercury have 
the ability to sorb onto organic matter or small sediment particles, which can then be transported 
many miles downstream from their respective sources and, in some cases, be deposited in 
floodplains. For mercury, organic matter plays a major role in the binding process (Wallschlager 
et al., 1998) facilitating this transport and subsequent deposition in floodplains. In a recent study 
conducted in central Germany, Martin (2015) found elevated concentrations of mining-related 
contaminants (copper, lead, and zinc) in floodplain soils tens of kilometers downstream of 
historically mined areas. A study performed along Chattanooga Creek in eastern Tennessee 
showed an accumulation of PAHs in floodplain deposits in an area where a coking coal plant had 
discharged thousands of tons of coal tar into the creek (Vulava et al., 2017). Additionally, Lecce 
and Pavlowsky (1997) found high levels of zinc in areas of the Blue River floodplain in 
Wisconsin that experience rapid sedimentation. Contaminant levels in the Blue River Floodplain 
exceeded values measured in point bar deposits along the same river by a factor of five. 
Floodplains downstream of industrial activity that experience frequent sedimentation are most 
likely to be at risk to contain elevated levels of contaminants. Additionally, the lateral migration 
of the stream channel has the potential to erode flood deposits, resulting in the re-entrainment of 
contaminated sediments (Lecce and Pavlowsky, 1997). These studies suggest that accumulation of 
industrial and mining related contaminants in floodplain sediments may be a common occurrence, 
but no studies have been carried out in watersheds dominated by urban and light industrial 
activities.  
Previous studies in this topic focused on either one specific contaminant or a group of 
contaminants from a large point source. The goal of this study is to determine whether industrial 
activity in typical urban watersheds, where contamination often exists as a variety of small point 
sources or non-point sources, can result in the deposition and accumulation of contaminants in 
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floodplains. This assessment requires the mapping and classification of industrial activities, 
identification of contaminants that sorb to small sediment particles and persist in floodplain 
deposits, and analysis of floodplain sediments to identify the presence or absence of these 
industrial contaminants. The focus of this study is on the presence of contaminants that are 
persistent in the environment, have strong tendencies to sorb to sediment, pose a threat to human 
health, and have industrial and/or urban origins. 
 
1.2 Objectives 
The objectives of this study are as follows: 
1. Carry out a preliminary watershed survey to identify areas of floodplains in multiple 
watersheds in Knoxville that are prone to flooding and are located near current or 
former areas of industrial activity. 
2. Collect auger samples of floodplain sediments from different creeks to identify areas 
that have not been disturbed by channelization, fill placement, or other industrial or 
municipal activities. 
3. Determine sediment ages and calculate depositional rates using 137Cs and 210Pb dating 
methods. 
4. Measure concentration profiles of common industrial and urban contaminants in the 
sediments to determine whether elevated contaminant levels exist in the industrial age 
sediments. 
5. Assess statistical relationships between contaminant levels and floodplain properties 
such as clay content and organic matter content. 
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1.3 Hypotheses 
The hypotheses of this study are as follows: 
1. Contaminants are expected to be present in the industrial age floodplain deposits, as a 
result of flood events. 
2. Elevated contaminant levels are expected to be associated with fine-grained sediment 
particles and organic matter in industrial age floodplain deposits. 
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2. BACKGROUND 
2.1. Study Area 
Knoxville is located west of the Great Smoky Mountains, in the Valley and Ridge Province 
of eastern Tennessee. This is a part of a larger region that stretches from Alabama through to New 
England and is characterized by Early Paleozoic sedimentary rocks that underwent repeated 
folding and faulting during the tectonic events that created the Appalachian Mountains (Luther, 
2019, NPS, 2019). The city experiences a temperate climate where the summers are warm, and the 
winters are mild. Highest average daytime high temperatures range from 29ºC to 31ºC occurring 
during the months of June through August. Lowest average daytime high temperatures occur from 
December through February over the range of 8-11ºC (NOAA, 2018). The average rainfall in 
Knoxville is 122.4 cm per year (NOAA, 2018). The largest amount of precipitation is generally 
seen during the winter and early spring, with September and October tending to be the driest 
months (NOAA, 2018). Historically, large flood events tend to occur from late February through 
early April. Knoxville has a history of devastating floods dating back to 1867, when a large 
portion of the city was underwater due to a severe rain event in March of that year (Harden and 
O'Conner, 2017). Knoxville suffered two more devastating floods during March of both 1963 and 
1973, with many smaller flood events occurring in the intermittent years (Edelen et al., 1976, 
Rostvedt, 1968). Many of these smaller flood events occurred along First Creek, Second Creek, 
and Third Creek. All three streams run directly through Knoxville (Figure 1) and were found to be 
the main sources of flooding in Knox county (FEMA, 2013).  
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Figure 1: Map of Watersheds in Knoxville, TN. This map depicts the boundaries and stream channels 
of three main watersheds within city limits of Knoxville. 
N 
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2.2. History of Industrialization in Knoxville, TN 
Located along the Tennessee River with three major creeks flowing through the heart of the 
city, Knoxville waterways have a history of contamination problems from industrial and urban 
activities (Hampson et al., 2000). Knoxville followed the same trend of urbanization and 
industrialization as many other eastern United States cities experiencing a post-Civil War 
economic boom (Sokoloff, 1984). The thirty-four-year period from 1866-1900 saw the birth of 
industrialization in the city, beginning with the establishment of the Knoxville Iron Company by 
Hiram Chamberlain and the Richards brothers in 1868 (Eller, 1982). This was followed by the 
purchase and merger of two railroad systems by Charles McClung McGhee to create the East 
Tennessee, Virginia and Georgia Railway in 1869 (Johnson, 2017), allowing manufacturers 
access to an increasing consumer market. A decade and a half later, the textile trade came onto the 
scene with the creation of Brookside Mills and Knoxville Woolen Mills in the mid-1880s 
(Thomason and Associates, 2016). By the 1890s, Knox County alone boasted twenty-two quarries 
and three finishing mills to support the Tennessee marble trade (Eller, 1982). 
Industrial activity in Knoxville continued to expand during the 20th century. Much of this 
activity was centered along the streams that run through the city, especially First, Second, and 
Third Creeks. The Fulton Bellows brass manufacturing plant, adjacent to Third Creek on the west 
side of the city, operated for over one hundred years, while the Coster Shops railyard serviced 
trains on the bank of Second Creek closer to the city’s center (Delanzo, 2013). These are just two 
examples of industrial activities that had the potential to introduce a variety of contaminants into 
the surface water bodies in and around Knoxville. The contamination of rivers and streams from 
these and similar activities has been an ongoing concern for the city and surrounding areas that 
has resulted in remediation efforts at certain locations. Knoxville’s history of light industrial and 
urban activities, surface water contamination, and proximity to the researchers’ location, make it 
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the ideal location to carry out this investigation. 
 
2.3 Target Contaminants 
This study focused on contaminants that have urban and industrial origins, tend to sorb onto 
small sediment particles or organic matter, which are easily transported by floods, pose a health 
threat, and are relatively immobile and non-volatile in sediment deposits. A literature review was 
performed to determine which industrial contaminants meet these criteria, are likely present in 
eastern Tennessee watersheds, and can be linked to industrial activity in Knoxville. The 
contaminants discussed here were all analyzed later in this study. 
Polycyclic aromatic hydrocarbons (PAHs), which are a category of chemicals that can be 
generated from the burning of coal, gas, wood, oil, garbage, and tobacco, bind together to form 
small clumps that settle out of the air and are transported to streams via urban runoff. PAHs are 
also present in coal tar, asphalt, creosote, and wood preservatives. These can enter surface water 
bodies through surface runoff or discharge of contaminated water to creeks (CDC, 2009). The 
U.S. Center for Disease Control considers PAHs to be carcinogenic, as well as dangerous to the 
liver and bloodstream (CDC, 2009). Streambed coal tar deposits from a former coking coal 
manufacturing plant were determined to be the source of PAHs in floodplain deposits at sites 
along Chattanooga Creek in eastern Tennessee (Vulava et al., 2017). There are no known 
locations of coking coal plants or former manufactured gas plants in Knoxville, but other potential 
sources of PAHs include railroads – for example the Coster Shops railyard located next to Second 
Creek, asphalt, roofing materials, and treated wood used for power poles. 
Mercury contamination of eastern Tennessee waters has been an issue over the last forty 
years. Mercury is a neurotoxin to which pregnant women and young children are most at risk 
(WHO, 2017). Two studies carried out in the Holston River Basin during the 1980s (Blevins and 
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Pancorbo, 1986, Young and Blevins, 1981) and the current TDEC (2017) fish advisory report 
found high levels of mercury in fish in the eastern portion of the state. Additionally, it was found 
that mercury has impaired 275 stream miles throughout the state (TDEC, 2014). Due to the 
relatively insoluble nature of the metal, the main transport mechanism of mercury in streams is via 
absorption onto small sediment particles or organic matter. The nature of this transport 
mechanism may allow for the deposition and accumulation of mercury in the floodplain. 
Some watersheds near Knoxville have been impacted by cadmium and zinc contamination 
from zinc mining and smelting in the northeastern area of Tennessee, although there is no record 
of such facilities in the watersheds in this study. However, atmospheric deposition from these 
mining and smelting activities is a possible cause of contamination in Knoxville waterways. 
Cadmium can pose a serious threat to human health with chronic low-level exposure resulting in 
kidney, lung, and bone disease (OSHA, 2018). Chronic zinc exposure can cause altered iron 
function and reduced immune function (ODS, 2019). Nyrstar mining company currently has three 
functioning zinc mines and a processing plant in and around Knox and Jefferson counties, in close 
proximity to the watersheds under investigation (Nyrstar, 2017). A 1981 study found that river 
sediments near Knoxville have abnormally high zinc and cadmium levels (Young and Blevins, 
1981). Since cadmium is known to be transported via absorption to sediments, its presence in 
streams is likely reflected in floodplain sediments. 
Lead is of particular concern in floodplain sediments because there is no safe limit for 
exposure. Children are the highest risk group with exposure resulting in developmental stunting of 
the brain and nervous system (WHO, 2018). The main source of lead in eastern Tennessee waters 
is due to airborne particles produced by automobile exhaust before lead was entirely banned from 
gasoline in an amendment to the Clean Air Act in 1990 (Fowler, 2008). These airborne lead 
particles were often washed into rivers and streams during rain events, resulting in the current lead 
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impairment of 24 stream miles (TDEC, 2014). Lead contamination could also be attributed 
industrial emissions prior to the tightening of the Environmental Protection Agency’s 
requirements that reduced lead emission levels by a factor of ten to a current maximum 
concentration of 0.15 µg/m3 (Fowler, 2008). Other possible sources of lead include paint, lead 
pipes, and solder for electrical systems. 
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3. WATERSHED SURVEY  
3.1 Remote Sensing Survey 
The streams chosen for this study were picked because they each drain current or former 
industrial areas of Knoxville. Areas of frequent flooding on public lands along First Creek, 
Second Creek, and Third Creek in the Fort Loudoun Lake Watershed (HUC 06010201) near 
Knoxville, TN (NRCS, 2018) were pinpointed using The Web Soil Survey (Appendix A) 
compiled by the United States Department of Agriculture’s Natural Resources Conservation 
Service (NRCS). This study focused on publicly owned lands that experience frequent flooding, 
because these types of sites are more easily accessible for sampling purposes and have greater 
potential for exposure to the public than privately owned property. Eight maps were generated 
using the Soil Data Explorer Flooding Frequency Class feature of the Web Soil Survey (Appendix 
A). An analysis was performed to determine locations of soils with a minimum classification of 
frequent flooding (>50% chance annually). To ensure result accuracy, this process was repeated 
using the ArcGIS Online National Flood Hazard Layer assembled by the Federal Emergency 
Management Agency to analyze locations where the regulatory floodway and 100-year floodplain 
extended into public lands (FEMA, 2018). Nine maps were generated using this program 
(Appendix A) and were compared to those generated from the Web Soil Survey. This produced 
potential sampling sites at First Creek Greenway and Ridley Helton Park in the First Creek 
watershed, Inskip Community Recreational Center in the Second Creek watershed, and the Third 
Creek Greenway, Tyson Park, and Victor Ashe Park in the Third Creek watershed. 
 
3.2 Flood Frequency 
The purpose of this study is to investigate the potential for accumulation of contaminated 
sediments in floodplain deposits, so it is imperative that the proposed study sites have a history of 
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frequent flooding. There is very sparse water level data for First, Second, and Third Creeks due to 
a lack of monitoring stations. Data from the Tennessee River at Knoxville is used as a proxy. The 
United States Geological Survey began monitoring the Tennessee River in 1867. The largest 
recorded flood event in Knoxville’s history occurred in the spring of that same year (USGS, 
2019). Figure 2 shows the annual peak streamflow in the Tennessee River at Knoxville from 
1867-1981. Prior to the 1940s, Knoxville experienced significantly higher peak annual discharge, 
suggesting the occurrence of frequent large flood events. These massive discharge values were 
greatly reduced following the construction of Cherokee Dam on the Holston River in 1941 and 
Douglas Dam on the French Broad River in 1943 (USGS, 2019). The confluence of these two 
rivers just north of Knoxville make up the head waters of the Tennessee River. These dams have 
helped reduce the number of Tennessee River floods over the past 80 years, but cannot control 
flooding in the adjacent tributaries, such as First, Second, and Third Creek. A data set of recorded 
Tennessee River stage values from 1982 until the present was obtained from the Tennessee Valley 
Authority to assess modern flood frequency. At least four major flood events can be identified on 
Figure 3 for the Tennessee River in the last 36 years. This indicates the minimum number of flood 
events that have occurred along Third Creek and other tributaries to the Tennessee River that flow 
through Knoxville. Additionally, there are many anecdotal reports of other flood events that 
impacted small local watersheds but did not lead to major flooding along the Tennessee River. 
The frequency of both historic and modern flood events in Knoxville since the start of 
industrialization in the mid-1860s suggests potential for the transport and deposition of 
contaminated sediments due to flooding. 
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Figure 2: USGS Annual Peak Streamflow for the Tennessee River. This graph shows the largest discharge event per year 
from 1867- 1981. This data was used to determine general flooding frequency of the Tennessee River and its tributaries. 
Construction of 
Cherokee Dam 
along the 
Holston River in 
1941 
Construction of 
Douglas Dam 
along the French 
Broad River in 
1943 
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Figure 3: TVA Daily Stage Height for the Tennessee River. This graph shows multiday measurements of stage height for the Tennessee 
River at Knoxville from 1982-present. A minimum of four major flood events were identified during this 36 year period. 
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3.3 Historical Zoning 
Land use studies were conducted to determine if the previously mentioned floodplain sites 
were located downstream of any areas of industrial activity that could serve as potential 
contaminant sources. These studies are based on historic zoning maps obtained from the City of 
Knoxville dating as far back as 1930 (Appendix A). Areas zoned for different types of industrial activity 
were identified in maps from 1930, 1967, and 2018. Figure 4 is an example of a historic zoning map from 
1930 overlaid with color to identify areas zoned for industrial activity. It should be noted that zoning is not 
definitive proof of industrial activity; it is simply stating ideal land usage. It is still a very useful tool in that 
it shows which areas of the city were fully developed as early as 1930, while also demonstrating where 
heavy industrial activity was likely to have occurred. 
The historic maps show potential floodplain sites along First Creek at the Greenway and 
Ridley Helton Park to be adjacent to or downstream of areas zoned for industrial activity over an 
approximately 90-year time span. They also revealed that channel modification had been 
performed along that stretch of First Creek between 1930 and 1967, suggesting potential 
disturbance of floodplain sediments at those sites. Field testing was performed to determine the 
degree of anthropogenic disturbance at the proposed sampling locations and is discussed in the 
next section. 
Historic zoning maps from 1930 and 1967 did not include the location of the potential 
floodplain sampling site near Inskip Recreational Center along Second Creek, due to its location 
several miles north of the city. Without historic records, there is no evidence that this site was ever 
adjacent to or downstream of heavy industrial activity. These maps show that the current site of 
World’s Fair Park, also located along Second Creek, is downstream of areas zoned for industrial 
use. However, previous watershed surveys investigating flooding frequency do not suggest that 
this is an area that experiences frequent flooding, resulting in little potential for  
 16 
 
 
 
 
Areas zoned for industrial activity 
Figure 4: Zoning Map of Third Creek Greenway (1930). This map shows a zoning map of Third Creek from 1930. Areas in purple were 
zoned for industrial activity at that time. The red location markers indicate potential sampling sites in modern day Tyson Park and along 
the Third Creek Greenway that is a part of the Knoxville city greenway system. 
N 
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industrial age sedimentation. Additionally, construction of the World’s Fair Park in 1981 resulted 
in significant anthropogenic modification of the Second Creek floodplain. Second Creek was 
excluded from the remainder of this study due to low potential to recover natural floodplain 
deposits downstream of areas of industrial activity. 
Historic maps show significant zones of industrial activity along Third Creek with the 
largest zones located adjacent to the last three kilometers of the stream before it discharges into 
the Tennessee River. There is also no evidence of anthropogenic channel alteration after 1930. 
This suggests sites located along Third Creek between the confluence of Third Creek and the 
Tennessee River to 4 km upstream are likely to include minimally disturbed floodplain deposits 
that have the potential for industrial contaminant accumulation (Figure 5). 
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Figure 5: Third Creek Watershed. This map shows the location of the approximately two-mile long 
stretch of Third Creek that was selected for further investigation in this study. The black circles indicate 
sampling sites that showed little to no evidence of anthropogenic disturbance. 
N 
 19  
4. FIELD AND LABORATORY INVESTIGATIONS 
4.1 Preliminary Field Investigations 
The first round of field testing was performed to determine the level of anthropogenic 
disturbance in urban floodplains located along First and Third Creeks in Knoxville, Tennessee. 
The term “anthropogenic disturbance” refers to areas within floodplain boundaries that are no 
longer composed of natural sediment deposits. The disturbance can be due to a variety of factors 
including rechannelization, excavation of floodplain soils, placement of fill to raise flood prone 
areas and dumping of construction debris. Disturbance is often indicated by the presence of large, 
angular gravel sediments that are not geologically native to the area, otherwise known as “fill 
material”. For this study, only sites that showed little to no evidence of anthropogenic disturbance 
would undergo further testing. 
Significant evidence of anthropogenic disturbance was found at the First Creek Greenway 
and Ridley Helton Park sites, both included in the floodplain system of First Creek. This was 
determined by the presence of fill material located less than 25 cm below the ground surface at 
both sites. These results were not entirely unexpected due to the significant rechanneling of First 
Creek identified in the historic maps that occurred between 1930 and the mid-1960s. No further 
sampling was performed along First Creek. 
Initial sampling was performed in Victor Ashe Park, Tyson Park, and along the Third Creek 
Greenway for Third Creek floodplain characterization. Angular, non-native gravel was found in 
the floodplain at Victor Ashe Park during T-probe and auger sampling, indicating significant 
anthropogenic floodplain modification at that site. No further samples were collected from Victor 
Ashe Park. Areas of the floodplain sampled along the greenway and in Tyson Park appeared to be 
natural floodplain deposits. A second site in Tyson Park, as well as one in Third Creek Greenway 
Park, were also identified as experiencing little to no modification. 
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The results of the initial field sampling to determine anthropogenic floodplain disturbance 
were used to select a total of six sites at three locations to be tested for the presence of industrial 
contaminants (Figure 5). The sites include locations at Third Creek Greenway Park, Third Creek 
Greenway, and Tyson Park. They occur along an approximately 3 km long stretch of Third Creek, 
with the site farthest downstream being approximately 1.5 km from where Third Creek discharges 
into the Tennessee River. All four sampling sites are located along the Third Creek Greenway, 
which is a part of the Knoxville City Greenway and urban park system. All floodplains are 
adjacent to a paved trail. Additionally, sites at Tyson park are located near racquetball courts, two 
pavilions, and a playground. All locations experience significant foot traffic, especially during late 
spring through early fall. 
 
4.2 Field Investigations in Third Creek Floodplain 
Samples were collected from six sites in the floodplain along Third Creek using a 5 cm 
diameter auger in approximate 10 cm intervals to maximum depths of 50-150 cm. Proximal 
floodplain samples (located within 0-5 m of the streambank) were collected from two sites, and 
distal floodplain profiles (located 6-50 m from the streambed) were collected at four sites. At 
locations where more than one sample was collected, proximal sites are denoted by the letter “A” 
and distal sites are denoted by the letter “B”. Sites with only one sample and no “A” or “B” are 
located 6-10 m from the streambank and fall into the distal category. Samples were stored in 
plastic bags at room temperature for 2-5 months before analyses were performed. Equipment was 
thoroughly cleaned with Alconox between sampling at each site. These samples were used to 
determine grain size distribution, organic content, sediment deposition rate, and contaminant 
presence in the Third Creek floodplain. 
Another round of sampling was performed approximately seven months after initial auger 
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samples were collected. A 20.3 cm long core barrel with a 5 cm diameter was used to collect 
undisturbed sediment cores from Tyson Park sites 1B, 2A and 2B, and Third Creek Greenway 
Park. One to two cores were collected just below ground surface in the modern floodplain at each 
site. One additional core was collected from deeper floodplain sediments at Tyson Park Sites 2A 
and 2B. Equipment was washed with Alconox after use at each site. Samples were stored in 
aluminum core liners with duct tape caps at room temperature for approximately four weeks 
before being sent to an external lab to prepare thin sections for soil micromorphology 
investigations. 
 
4.3 Laboratory Methods 
4.3.1 Sediment Characterization 
In the laboratory, auger samples were initially stored in plastic bags at approximately 21℃ 
for one to three weeks. Each sample was then airdried for three to seven days. Samples were 
pulverized using a mortar and pestle, homogenized, and run through a sediment splitter to create 
four statistically similar subsamples of each initial sample. Subsamples were then stored in plastic 
bags at room temperature for 2-6 months before undergoing further testing. The mortar, pestle, 
and sediment splitter were washed with Alconox and air-dried after all samples from each profile 
were split to prevent cross-contamination. 
The following preparation procedure was performed for all 50 auger samples collected to 
determine grain size distribution using wet dispersion with the Malvern Mastersizer 3000 laser 
diffraction particle size analyzer. Once air-dried, a homogenized subsample from each sample was 
run through a No. 10 mesh sieve (2 mm) to separate the gravels and fines. The mass of both size 
fractions was measured and recorded. The gravel portion was placed in a small plastic bag 
separate from the fines. The fines were run through a sediment splitter until an approximately 0.5 
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g subsample was collected. The mass of this subsample was recorded, and it was placed in a 50 
mL centrifuge tube. Each centrifuge tube was filled with 25 mL of bleach, vortexed, and placed in 
a double boiler at 80℃ overnight to remove organic matter. Approximately 20 mL of the bleach 
was then extracted using a syringe. Next, the sample was rinsed by adding enough sodium 
hexametaphosphate to bring the total mass of the sample and centrifuge tube to 50 grams. The 
tube was vortexed for 30 seconds and placed in the centrifuge. Samples were centrifuged for 10 
minutes at 3200 rpm. The sodium hexametaphosphate was then extracted using a syringe, and the 
rinsing procedure was repeated. After the second sodium hexametaphosphate extraction, 
approximately 30 mL of sodium hexametaphosphate were added to the tube. Samples were stored 
no longer than 24 hours before grain size analyses were carried out.  
Organic matter content was calculated for a total of fifty auger samples collected from each 
of the six profiles using the loss on ignition method. This method is based on studies that indicate 
organic matter initially ignites at approximately 200℃ and has completely ignited once it reaches 
550℃ (Dean, 1974). This was done by taking a subsample of floodplain sediment and removing 
the gravel via dry sieving using a No. 10 mesh sieve. Fifty ceramic cups were washed, air dried, 
and weighed. For every sample, approximately 2 grams of the remaining sediment were placed 
into one of the ceramic cups and weighed. The cups were heated to 90℃ in an oven for 24 hours, 
then cooled in a desiccator. Once cooled, the cups were weighed again. Samples were then placed 
in a furnace at 550℃ for one hour. The cups were returned to the desiccator to cool, then weighed a 
third time. The mass of organic matter in each sample was calculated by subtracting the weight at 
550℃ from the weight at 90℃. 
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4.3.2 Sediment Age Dating 
Two radioisotopes, 137Cs and 210Pb, were used to date floodplain sediments. The radioactive 
isotope 137Cs is a product of nuclear bomb fallout with a 30.2-year half-life. The time of 
maximum atmospheric fallout of 137Cs is generally considered as 1964 which follows the signing 
of the Limited Nuclear Test Ban Treaty in 1963. Secondary sources of 137Cs include nuclear 
reactor accidents such as the events that occurred at Chernobyl and Fukushima, nuclear fuel cycle 
reprocessing plants, and releases from facilities that manufacture nuclear weapons (Cooper and 
Grebmeier, 2018). Cesium reaches sediments via sorption to clays, uptake at the sediment- water 
interface, and through biological uptake (Avery, 1996, Cooper and Grebmeier, 2018, Livingston 
and Bowen, 1979, Ritchie and Mchenry, 1990). Before the development of nuclear weapons, there 
was no radioactive cesium present on Earth. Therefore, the depth and penetration of the 
radionuclides in sediment can be used to determine sedimentation rates (Cooper and Grebmeier, 
2018). Radionuclide activity was determined on a gram dry weight basis, and peak bomb fallout 
was identified using the 661.5 KeV peak on the gamma spectrum. The sediment depth at this peak 
was then divided by the number of years between core collection and 1964 (54 years in this study) 
to determine sedimentation rate. The radioactive isotope 210Pb is the second independent 
sedimentation tracer used in this study (Koide et al., 1972). This radioisotope is a daughter 
product of the 238U decay series with a half-life of 22.3 years. The radioactive gas 222Rn is the 
immediate precursor to 210Pb in the decay series, which results in some 210Pb falling directly onto 
the surface of the earth. To determine sedimentation rates, background 210Pb activity must be 
found for a location (Cooper and Grebmeier, 2018). This was performed by averaging the 210Pb 
activities for the two deepest sediment samples at investigated sites. This is then used to inventory 
the naturally present radionuclides in sediment, excluding the “excess” 210Pb that occurs as a 
product of 222Rn decay (Cooper and Grebmeier, 2018). Once this has been determined, the 
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sedimentation rate is approximated by plotting the logarithm of the excess of 210Pb against the 
average depth of the core increment from which the measurement was taken. The activity 
coefficient for 210Pb (- 0.01352 year-1) is divided by the slope generated by the graph to calculate 
an approximate sedimentation rate for the floodplain deposits. The upper and lower 95% 
confidence intervals are calculated from linear regression data using the same method. 
 
4.3.3 Polycyclic Aromatic Hydrocarbon (PAH) Analysis 
Statistically similar homogenized subsamples from each of the six profiles were sent to the 
ALS Environmental Laboratory in Cincinnati, Ohio to be analyzed for the presence and 
concentration of polycyclic aromatic hydrocarbons. This was done using EPA method 8270C. The 
goal of this method is “to determine the concentration of semi-volatile organic compounds in 
extracts prepared from all types of solid waste matrices, soils, air sampling media and water 
samples,” (Earle, 2017). Soil samples were sent to the laboratory in 4 oz glass jars. Soil analysis at 
the lab requires either a 30 g sample for a sonication extraction or a 15 g sample for microwave 
extraction. ALS uses a Hewlett-Packard 5973 GC/MS/DS system, or equivalent, to perform 
sample analysis by EPA Method 8270C. Samples are prepared for analysis using EPA Method 
3550. Next, the system is calibrated and an injection of 10 µL of internal standard solution are 
added to each prepared sample extract. Samples were then analyzed on the GC/MS system (Earle, 
2017). A report of the presence and concentration of PAHs in the samples was generated and 
provided to the researchers. 
It should be noted that the samples used in this study were stored at room temperature and 
analyzed outside of the EPA holding time of 14 days. This may have resulted in the samples 
experiencing up to 20% reduction in PAH concentration (Ainsworth et al., 2005). There is also 
potential for the occurrence of natural biodegradation of PAHs in sediment profiles (National 
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Academies of Sciences, 2019). This means that the PAH data presented later in this paper 
represent minimum concentrations in floodplain sediment. 
 
4.3.4 Elemental Analysis 
Elemental analyses were performed by the ALS Geochemistry Laboratory in Reno, Nevada. 
Samples were stored in plastic bags labeled with an identification number and shipped from 
Knoxville. The following methods were performed by ALS employees after the samples were 
received. Preparation for analysis began by affixing a bar code to each sample and recording it in a 
log before taking the initial sample weight. The samples were air-dried before being sent for 
analysis, so the drying step of the procedure was omitted. Next, the samples were dry sieved using 
a 180 micron screen. The fraction of the sample that passed through the screen was retained, and 
0.5g of this portion was analyzed. The purpose of this sample preparation process is to ensure that 
a homogeneous sub-sample representative of the material submitted to the lab is produced for 
analysis (Ramshaw, 2019). 
An aqua regia digestion with super trace ICP-MS analysis (ALS code ME-MS41L) was 
used to identify the presence and concentrations of 47 different elements within each sample 
(Ramshaw, 2017). This was achieved by digesting a 0.5 g homogenized sample with 75% aqua 
regia (3:1 ratio of HCl:HNO3) in a graphite heating block. This solution was then analyzed using 
inductively coupled plasma-atomic emission spectrometry and inductively coupled 
plasma-mass spectrometry. The results of this were corrected for spectral interelement 
interferences (Ramshaw, 2019). The results were logged in an excel spreadsheet and returned to 
the researchers in this format. 
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5. RESULTS  
5.1 Sediment Characterization 
Particle size distribution is an important proxy for identifying natural floodplain deposits 
(Zhao et al., 2017). Distributions were obtained for all six profiles using auger samples that 
covered roughly 10 cm depth per sample (Appendix B). Profiles typically contained an average of 
15-20% clay, 20-55% silt, 20-30% sand, and 1-10% gravel. Profile 2A from Tyson Park (Figure 
6) had a notably lower average percent clay (6.6%) and notably higher average percent sand 
(60%). This sandy texture was also observed during sample collection. The higher sand fraction 
likely indicates that this site experiences flooding events of a larger magnitude with enough 
energy to deposit significant quantities of sand. Larger flood events could have implications for 
expected contaminant concentrations. The high percentages of clay and silt (approx. 20-60%) in 
all profiles suggests that there is the potential for contaminants that sorb strongly to fine grained 
sediments to occur in the Third Creek floodplain. Organic matter content was determined for all 
six Third Creek profiles (Figure 7). Percent organics ranged from 2.5-7% throughout the profiles 
(Appendix C). The highest concentrations of organic matter occurred closest to the surface for all 
profiles. This was expected since those samples were taken in the root zone.  
 
5.2 Sediment Dating 
5.2.1. Sediment Dating using 210Pb 
One profile from Third Creek Greenway Park (GP) and one from Tyson Park (TP2A) were 
used to estimate the rate of deposition in the Third Creek Floodplain using 210Pb. For the profile 
from Tyson Park 2A, an average sedimentation rate of 0.30 cm/year for atmospherically derived 
210Pb was estimated (Figure 8). This was determined by plotting the log excess of the 
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Figure 6: Grain Size Distribution at Tyson Park Site 2A. This graph shows the percentage of clay, silt, sand, and gravel at that site. This particular profile 
contained significantly more sand than other profiles. 
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Figure 7: Organic Matter in Third Creek Profiles. This graph shows the average organic matter content for each auger 
sample as a depth-based profile. Third Creek Greenway sites (GW and GP) are shown in shades of red, and Tyson 
Park sites (TP1A, TP1B, TP2A, and TP2B) are shown in shades of blue. Distal profiles are represented by dashed 
lines and proximal profiles are shown as solid lines.
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Figure 8: 210Lead Decay. This graph depicts the graph of atmospheric 210Pb decline with depth in the profile taken 
from the proximal floodplain position and the furthest downstream site in Tyson Park. The gray shaded area of the 
graph indicates the 95% confidence range around the regression.  
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radioactivity versus depth. The activity coefficient for 210Pb decay, -0.01352, was divided by the 
slope of that generated line, -0.045 to give the sedimentation rate (Appendix D). A background 
210Pb estimation of 118.8 mBq/g was determined by taking the average of the two deepest 
activities (not plotted on Figure 8). A sedimentation rate could not be calculated for the profile 
from Third Creek Greenway Park using 210Pb since it did not show a steady decline with depth. 
This is likely because the majority of industrial age sedimentation occurred in the top 10-25 cm 
of the profile. The resolution of the sampling interval was not fine enough to contain sufficient 
data points from the industrial age deposits to generate an appropriate decay profile. A linear 
regression analysis was performed on the 210Pb data from Tyson Park to determine the 95% 
confidence range of the sedimentation rate (Appendix D). The range of sedimentation rate was 
determined to be 0.16-2.57 cm/year. 
 
5.2.2. Sediment Dating using 137Cs 
One profile from Third Creek Greenway Park (GP) and one from Tyson Park (TP2A) were 
used to estimate the rate of deposition in the Third Creek Floodplain using 137Cs (Figure 9). 
Maximum cesium activity is assumed to occur in sediments deposited in approximately 1964 due 
to atmospheric fallout from nuclear testing at that time. Sedimentation rate calculations using 
this isotope are typically performed by identifying the maximum peak of 137Cs and then dividing 
depth of the peak activity by the number of years since 1964. The cesium activity profile at 
TP2A showed a peak between 14 and 25 cm depth. This corresponds to a deposition rate of 
between 0.26 cm/year and 0.44 cm/year. A more precise value of deposition rate could not be 
determined because of the size of the sample intervals. The highest value of cesium activity in 
profile GP occurred in the first sample, which covered an interval from 0 to 13 cm depth. A peak 
value likely occurred somewhere within this interval, but the exact depth cannot  
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  Figure 9: Profiles of  
137Cs Activity with Depth. This graph shows the 137Cs concentrations for the proximal Tyson 
Park 2A and distal Third Creek Greenway Park profiles. The maximum peak represents cesium fallout from nuclear 
weapons testing in 1964. According to the sedimentation rate calculated using 210Pb, this should occur around 16 cm 
depth.  
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be determined. However, the maximum deposition rate had to be less than 13 cm divided by 54 
years, which is 0.24 cm/year. 
 
5.3 Polycyclic Aromatic Hydrocarbon (PAH) Analysis 
Analyses were performed on samples from all six profiles to determine the concentration of 
20 different polycyclic aromatic hydrocarbons (Appendix E). Five out of six sites had detectable 
amounts of PAHs in the floodplain sediment (Figure 10). No PAHs were detected at Tyson Park 
site 1B. This site is located approximately 45 m from the streambank. It is about 15 m further 
from the streambank than any of the other sites. It is possible that no PAHs were detected there 
because only small amounts of sediment from occasional large flood events are deposited in that 
area of the floodplain. Tyson Park Site 2A had the greatest abundance of PAHs both in quantity 
and variety. Fourteen different PAH compounds were detected at that site. Other sites saw 10-12 
different PAH compounds. PAH concentrations were much higher and existed at greater depths 
in the sediment at proximal sites compared to distal sites. Proximal sites are located within 0-5 m 
of the streambank and are denoted with the letter “A”. Distal sites are located 6-50 m from the 
streambed and are denoted with the letter “B”. Sites that do not have an “A” or “B” indicate 
locations with only one site. These sites are located 6-10 m from the streambank and are also 
distal sites. Polycyclic aromatic hydrocarbons were present to a maximum depth of 67 cm in 
proximal profiles and 47 cm in distal profiles. Approximately 45 cm of sediment have been 
deposited along Third Creek over the past 150 years. This suggests that the majority of PAH 
deposition occurred after the start of industrialization in Knoxville. Additionally, the lack of 
PAHs in the Tyson Park site 1B profile supports the concept that these compounds do not have 
detectable background levels in eastern Tennessee soils and that their presence is the result of 
anthropogenic activities. It also suggests the concept that elevated PAH levels are related to 
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Figure 10: Total PAHs in Third Creek Floodplain Sediments. This graph shows the depth-based PAH profiles 
for all six study sites. Third Creek Greenway sites (GW, GP) are shown in shades of red, and Tyson Park 
sites (TP1A, TP1B, TP2A, and TP2B) are shown in shades of blue. Distal profiles are dashed and proximal 
profiles are solid lines. At all sites, the PAHs dropped below detection limit before the bottom of the observed 
profile. Proximal profiles, meaning those located closest to the creek, contained the highest concentrations 
of total PAHs. PAHs also reached greater depths in the profiles at these sites 
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flood deposition, rather than atmospheric deposition from sources like soot or diesel exhaust. 
 
5.4 Elemental Analysis 
5.4.1. Cadmium 
Cadmium was detected in all six profiles (Appendix F). Proximal profiles contained greater 
concentrations of cadmium than distal profiles with Tyson Park site 2A having the highest 
observed concentrations in the top forty centimeters (Figure 11). The naturally occurring 
background level of cadmium in soils in Tennessee is approximately 1.0 ppm (Kopp, 2001). In a 
study in Canada, Cook (1995) suggested the values for cadmium in natural soils in Canada range 
from 0.1-0.5. All four distal profiles fall within the range presented by Cook and Morrow below 
~18 cm depth. Tyson Park Site 2B and the Third Creek Greenway Site have concentrations just 
over 0.5 ppm in the top 18 cm of their respective profiles. Both proximal sites exceed the 
maximum concentration of cadmium in natural soils (Cook and Morrow, 1995) and the typical 
background level in Tennessee soils (Kopp, 2001) in the top portion of the profiles. Cadmium 
levels decrease to below the background level of 1.0 ppm around 40 cm depth at Tyson Park Site 
2A.  
 
5.4.2. Chromium 
Chromium was detected in all six profiles (Appendix F). Proximal profiles contained 
greater concentrations of chromium at shallow depths. The highest chromium concentrations 
were observed at Tyson Park site 2A (Figure 12). The naturally occurring background level of 
chromium in Tennessee soils is approximately 20 ppm (Kopp, 2001). The typical range of 
chromium concentrations in natural soils worldwide is 14-70 ppm (Theakston, 2000). Five out of 
six profiles have chromium concentrations exceeding the background level in Tennessee soils 
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Figure 11: Cadmium in Third Creek Floodplain Sediments. This graph shows the depth-based cadmium 
profiles for all six study sites. Third Creek Greenway sites (GW, GP) are shown in shades of red, and 
Tyson Park sites (TP1A, TP1B, TP2A, and TP2B) are shown in shades of blue. Distal profiles are dashed 
and proximal profiles are solid lines. 
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Figure 12: Chromium in Third Creek Floodplain Sediments. This graph shows the depth-based chromium 
profiles for all six study sites. Third Creek Greenway sites (GW, GP) are shown in shades of red, and Tyson 
Park sites (TP1A, TP1B, TP2A, and TP2B) are shown in shades of blue. Distal profiles are dashed and proximal 
profiles are solid lines. 
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in near-surface deposits, although concentrations at all sites fall within the average range of 
global soils.  
 
5.4.3. Copper 
Copper was detected in all six profiles (Appendix F). Proximal profiles had observed 
copper concentrations approximately double the observed vales in distal profiles (Figure 13). 
Tyson Park site 2A had the greatest concentrations in the top forty centimeters of the profile. The 
background concentration of copper in Tennessee soils is approximately 25 ppm (Kopp, 2001). 
The average range of copper concentrations in United States soils is 5-70 ppm (Dorsey et al., 
2004). Values outside this range are typically observed near smelters, mining operations, and 
combustion sources across the United States (Dorsey et al., 2004). Four out of six profiles 
exceed the background level of copper in Tennessee soils in near surface deposits, with distal 
profiles having copper concentrations closer to the background level in Tennessee. Proximal 
profiles, especially the one from Tyson Park site 2A, have concentrations closer to those 
associated with smelting and mining operations in industrial age sediments (Dorsey et al., 2004). 
 
5.4.4. Mercury 
Mercury was detected in all six profiles (Appendix F). Profiles located at sites proximal to 
the streambed showed higher amounts of mercury than distal profiles (Figure 14). Tyson Park 
site 2A was observed to have the highest concentrations of mercury. The background 
concentration of mercury in Tennessee soils is approximately 0.18 ppm (Kopp, 2001). A study 
performed in the United Kingdom showed a range of mercury in urban soils from 0.07- 1.53 
ppm with an average value of 0.35 ppm (Morgan et al., 2009). All profiles had mercury 
concentrations within or below the background level of mercury in Tennessee soils  
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Figure 13: Copper in Third Creek Floodplain Sediments. This graph shows the depth-based copper profiles for 
all six study sites. Third Creek Greenway sites (GW, GP) are shown in shades of red, and Tyson Park sites 
(TP1A, TP1B, TP2A, and TP2B) are shown in shades of blue. Distal profiles are dashed and proximal profiles 
are solid lines. 
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Figure 14: Mercury in Third Creek Floodplain Sediments. This graph shows the depth-based mercury profiles 
for all six study sites. Third Creek Greenway sites (GW, GP) are shown in shades of red, and Tyson Park 
sites (TP1A, TP1B, TP2A, and TP2B) are shown in shades of blue. Distal profiles are dashed and proximal 
profiles are solid lines. 
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(Kopp, 2001). They were also within same range as urban soils in the United Kingdom (Morgan 
et al., 2009).  
 
5.4.5. Manganese 
Manganese was detected in all six profiles (Appendix F). The Third Creek Greenway site 
had the greatest concentration of manganese in the top 20 cm of the profile (Figure 15). The 
Third Creek Greenway Park site (GP) had the greatest concentration of manganese at depths 
below 40 cm. There was no correlation between spatial position in the floodplain and manganese 
concentration. The naturally occurring background concentration of manganese in Tennessee 
soils is 930 ppm (Kopp, 2001). This is slightly higher than the United States concentration range 
(40-900 ppm) of manganese in natural soils (Williams et al., 2012). Levels as high as 1,900 ppm 
were detected at the Tar Creek Superfund site in Oklahoma, a site heavily contaminated by 
mining waste (Williams et al., 2012). Five out of six sites in this study exceeded the background 
level of manganese and had concentrations within the same order of magnitude as this heavily 
contaminated site.  
 
5.4.6. Lead 
Lead was detected in all six profiles (Appendix F). Proximal profiles were observed to have 
greater concentrations of lead than distal profiles (Figure 16). Tyson Park site 2A had the highest 
observed concentrations of lead in industrial age sediments. The naturally occurring background 
concentration of lead in Tennessee soils is approximately 45 ppm (Kopp, 2001). Natural soils in 
the United States generally contain 10-50 ppm of lead (Wander, 2018). Four out of six profiles 
exceeded the background concentrations of lead in the top 20 cm of the profiles. The EPA 
defines the safe limit for lead concentrations in child play areas as 400 ppm and in 
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Figure 15: Manganese in Third Creek Floodplain Sediments. This graph shows the depth-based manganese 
profiles for all six study sites. Third Creek Greenway sites (GW, GP) are shown in shades of red, and Tyson 
Park sites (TP1A, TP1B, TP2A, and TP2B) are shown in shades of blue. Distal profiles are dashed and proximal 
profiles are solid lines. 
 
 42  
  
Figure 16: Lead in Third Creek Floodplain Sediments. This graph shows the depth-based lead profiles for all six 
study sites. Third Creek Greenway sites (GW, GP) are shown in shades of red, and Tyson Park sites (TP1A, 
TP1B, TP2A, and TP2B) are shown in shades of blue. Distal profiles are dashed and proximal profiles are solid 
lines. 
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other areas of bare soil as 1200 ppm (Cunningham, 2001). The greatest concentrations of lead 
observed in this study were 150 ppm, which is below the threshold for child play areas.   
 
5.4.7. Zinc 
Zinc was detected in all six profiles (Appendix F). Proximal floodplain profiles were 
observed to contain two to three times higher concentrations of zinc than those measured in the 
distal floodplain (Figure 17). Tyson Park site 2A had the greatest concentration of zinc. The 
naturally occurring background concentration of zinc in Tennessee soils is approximately 94 
ppm (Kopp, 2001). In a study carried out in the tropics and subtropics, Landon (1984) found a 
range of zinc concentrations in natural soils from 10-300 ppm. That study considered zinc 
concentrations above 150 ppm to be high (Landon, 1984). Four out of six sites exceeded the 
background concentration of zinc in Tennessee soils (Kopp., 2001). Tyson Park Site 2A was the 
only site with zinc concentrations outside of the typical range in soils in the tropics and 
subtropics, but Tyson Park Sites 1A and 2B had high levels of zinc ( >150 ppm) (Landon, 1984). 
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Figure 17: Zinc in Third Creek Floodplain Sediments. This graph shows the depth-based zinc profiles for all six 
study sites. Third Creek Greenway sites (GW, GP) are shown in shades of red, and Tyson Park sites (TP1A, 
TP1B, TP2A, and TP2B) are shown in shades of blue. Distal profiles are dashed and proximal profiles are solid 
lines. 
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6. DISCUSSION 
The measured concentration profiles of contaminants generally support the hypothesis of 
contaminant deposition in industrial age deposits, with some exceptions. The concentration of 
PAHs in all six of the profiles was highest in the uppermost sediments, with a rapid decline in 
concentration with depth, as would be expected if the PAHs were present due to industrial age 
flood deposition. A correlation matrix was performed for each profile using the statistical analysis 
software SAS 9.4 (Table 1). Three profiles showed a statistically significant negative correlation 
between total PAH concentration and depth. Concentrations in the other three profiles also declined 
with depth but had insufficient data points to determine a statistically relevant trend. The thickness 
of the upper zone of high PAH concentrations was greatest (approximately 40 cm) in the proximal 
profiles, and smaller in the distal profiles (12-24 cm). This pattern is consistent with expectations 
for sediment accumulation during floods, because the greatest rate of sediment accumulation 
typically occurs in the portion of the floodplain closest to the stream.  
The concentration of elemental contaminants (Cd, Cr, Cu, Hg, Mn, Pb and Zn) showed a 
strong trend towards decreasing values with depth for the proximal profiles, but the concentration 
trend with depth was much weaker for the distal profiles. For the proximal sites, 12 of the 14 
elemental profiles showed a zone of high concentration in the uppermost sediments, followed by 
declining concentrations with depth. A correlation matrix was performed for each profile using the 
statistical analysis software SAS 9.4 (Table 1). This negative trend was statistically significant for 
10 out of the 14 proximal elemental profiles. For the distal sites, 14 of 28 elemental profiles 
showed the expected profile of high concentrations near surface, with declining concentrations 
with depth. A correlation matrix was performed again for each profile (Table 1). This observed 
negative trend was statistically significant for 18 out of the 28 distal elemental profiles. Most of the 
other distal profiles showed either no significant trend with depth, 
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Table 1: Statistical analysis of correlation between contaminant concentration and depth. This table 
shows the results of several correlation matrices. The “proximal” and “distal” columns show the 
number of those profile types that showed a statistically significant negative relationship with depth 
based on the results of correlation matrices performed for individual profiles. The “aggregated data” 
column shows the results of a correlation matrix performed using combined data from all six 
profiles. In this column, “yes” indicates a statistically significant negative relationship between the 
indicated contaminant concentration and depth.   
Statistical Analysis between Contaminant Concentration and Depth 
Contaminant 
# Negative Relationship 
Total  
Negative Relationship 
(Aggregated Data) Proximal Distal 
PAHs 2 1 3 out of 3 yes 
Cadmium 1 3 4 out of 6 yes 
Chromium 1 1 2 out of 6 yes 
Copper 1 3 4 out of 6 yes 
Mercury  2 2 4 out of 6 yes 
Manganese 1 2 3 out of 6 no 
Lead 1 2 3 out of 6 yes 
Zinc 1 4 5 out of 6 yes 
Total 10 out of 16 18 out of 29 28 out of 45 7 out of 8 
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or erratic variations with depth. A few showed statistically significant increases in concentration 
with depth. Both the proximal and distal profiles support the hypothesis of deposition of 
contaminated sediments during industrial age floods, although this is more clearly demonstrated in 
the proximal profiles. For those profiles that exhibited a near surface zone of high elemental 
concentrations, the thickness of the zone was very similar to that observed in the PAH profiles (40 
cm for the proximal profiles and 12-24 cm for the distal profiles). There are several possible causes 
of the inconsistent variations observed in some of the elemental concentration profiles. One 
potential cause is variation of contaminant inputs to the creek and floodplain over time. This could 
be due to variation in pre-industrial background levels or due to changing inputs from urban and 
industrial sources. Another possible cause is disturbance or erosion of sediments in some locations.  
The thickness of the above mentioned near surface contaminant zones are consistent with 
industrial age sediment accumulation calculated based on cesium and lead isotope measurements. 
These measurements indicated an average sedimentation rate of 0.3 cm/year for the proximal TP2A 
site, which corresponds to 45 cm of sediment accumulation since the start of industrialization, 
which occured around 1865. Sedimentation rates for the distal profile at site GP were poorly 
constrained, partly because of the large sample intervals, but cesium isotope data indicated that the 
rate was less than for the proximal site, as expected. PAHs in the proximal profiles were detected 
to maximum depths of 38 and 67 cm at the two proximal sites. Additionally, concentrations of 
elemental contaminants typically approached background values between 40-65 cm depth at the 
proximal sites. The thickness of near surface zones of high concentration for PAHs and elemental 
contaminants in distal profiles was typically about 12 to 24 cm, which is less than the thickness of 
the same zones at the proximal sites. This is consistent with the cesium age dating which indicated 
slower deposition at the distal sites. The results suggest that contaminant concentrations in urban 
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floodplain deposits have the potential to be utilized as a preliminary indicator of industrial age 
sediments and therefore could be used for estimating sedimentation rates. Requirements for this 
indicator include having sources of persistent contaminants in the watershed for a known period of 
time and having depositional sites that have not been overly disturbed by anthropogenic activities. 
One of the benefits of using contaminant concentrations as a proxy for determining industrial age 
sedimentation rates is that elemental contaminants are substantially less expensive and provide 
results faster than traditional sediment age dating methods that use 210Pb, 137Cs, or 14C.  
Statistical analyses were performed to test the hypothesis that elevated levels of 
contaminants would be associated with higher levels organic matter in the Third Creek floodplain 
sediments. The statistical analysis software SAS 9.4 was used to produce a correlation matrix with 
a combined data set containing every sample from all profiles for all contaminant types (Appendix 
G) to determine the relationships between organic matter and contaminant concentration. The 
results showed that concentrations of all contaminant types including PAHs and elemental 
contaminants had a statistically significant positive correlation to organic matter content. These 
results were expected for PAHs and mercury which have often been observed to attach to organic 
matter (Wallschlager, 1998; Vulava, 2017). This was not expected for the other elemental 
contaminants which typically do not attach to organic matter.  
The data are less clear with regards to the hypothesis that elevated levels of contaminants 
are associated with fine grained sediments. The statistical analysis software SAS 9.4 was used to 
produce a correlation matrix with a combined data set containing every sample from all profiles 
(Appendix G) to determine the relationship between all seven elemental contaminant 
concentrations and the fine-grained sediment fraction, namely clay and silt. The results showed a 
statistically significant positive correlation between the concentration of several contaminants 
(cadmium, chromium, lead, and zinc) and the sand fraction. This did not support the hypothesis 
that elevated levels of contaminants would be associated with the clay and silt grain size fractions. 
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There is not an obvious explanation for why some of the contaminants were associated with coarse 
grained sediments. The statistical analysis software SAS 9.4 was used to produce separate 
correlation matrices for each of the six individual profiles to further investigate the relationships 
between elemental contaminant concentrations and the clay and silt fractions. Site TP2A produced 
results that almost perfectly matched the hypothesized trends: all contaminants showed statistically 
significant negative trends with gravel content, positive trends with clay, silt, and organic matter 
content, and no trends with sand content. The rest of the profiles generally followed these trends, 
with some exceptions (Appendix G).  
Relatively few major contaminant sources were discovered in the Third Creek watershed. 
This is distinctly different from previously published studies on floodplain contamination. In other 
studies, sites were likely chosen based on the existence of a major contaminant source, such as a 
mining waste site or coking coal manufacturing plant. However, in the Third Creek watershed there 
are many potential small sources of contamination. There may also be contaminants that were 
transported into the watershed by other processes such as atmospheric fallout. A few of these are 
discussed in this section. The former Fulton Bellows site is an example of a potential point source 
of contamination in the watershed. It is located along Third Creek approximately 1 km downstream 
from sites TP2A and TP2B. However, reversals of flow direction in Third Creek are known to 
occur with elevated water levels in the Tennessee River that result from hydroelectric dam releases 
or large precipitation events, making it possible for contaminants to reach these sites. Fulton 
Bellows was involved in the manufacturing and usage of brass, making it a potential source for 
copper, zinc, and chromium in the Third Creek watershed (Delanzo, 2013). Copper and zinc are the 
two main metals used in this production process, and chromium is used to create alloys or brass-
chromium plating (Pushpavanam, 2000). Nyrstar mining corporation has operated several zinc 
mines in and around Knoxville for many years. They currently operate three active zinc mines and 
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one processing plant in Knox and Jefferson counties (Nyrstar, 2017). These mining activities are 
not located in the Third Creek watershed but could be contributing to elevated concentrations of 
zinc and cadmium (a by-product of zinc mining) as a result of atmospheric deposition. Lead 
contamination of soil is common in urban areas due to the wide-spread historical uses of lead in 
manufactured products, industrial processes, and gasoline (Tarrago and Brown, 2017, Fowler, 
2008, Wander, 2018). PAHs enter the environment through a variety of pathways including runoff 
from railroad tracks and coal tar, and from the atmospheric deposition of diesel exhaust (CDC, 
2009). Manganese can be released into the air from industrial emissions, combustion of fossil fuels, 
and re-entrainment of manganese-containing soils (Williams et al., 2012). An urban watershed like 
Knoxville that has experienced light industrial activity over the past 150 years is still susceptible to 
low level accumulation of contaminants as a result of flood events.  
The health impacts of contaminants in the Third Creek watershed sediments are uncertain, 
but likely low. All 14 PAH compounds and investigated elements (except manganese) are found on 
the EPA priority pollutant list (EPA, 2014), but only lead has an EPA safe limit or action level in 
soils. Lead concentrations along Third Creek were compared to the EPA action level of 400 ppm 
for areas of bare soil where children play. Lead concentrations observed in this study did not 
exceed 150 ppm, meaning lead is unlikely a health risk at these sites. Other elemental contaminant 
concentrations were compared to average values in natural soils and the background levels in 
eastern Tennessee soils. All elemental contaminants except mercury exceeded background 
concentrations (Kopp, 2001), but not by large margins. It is unlikely that the contaminants found in 
floodplain deposits along Third Creek are high enough to pose a health risk to the public. However, 
contamination in other watersheds with moderate to heavy industrial activity has the potential to be 
significant, so this transport mechanism should not be ignored. 
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7. CONCLUSIONS 
  Streambed sediments contaminated from industrial activities pose a threat that extends 
beyond the streambank into adjacent floodplains where contaminants are deposited during flood 
events. This has the potential to put the public at risk since many urban parks are built in 
floodplains. Evidence in this study suggest that urban floodplain sediments are vulnerable to this 
secondary source of industrial contamination. Elevated levels of a range of industrial 
contaminants from a variety of sources were identified in industrial age flood deposits despite the 
lack of specific adjacent contaminant sources. Frequent large seasonal floods produce enough 
energy and turbulence to re-entrain and transport contaminated sediments into floodplain 
deposits, increasing exposure risk. The conceptual outline developed for this investigation can be 
applied to other urban and industrial watersheds to help determine contaminant risk factors in a 
variety of geographic settings. 
This study also suggests contaminant profiles can be used to estimate sedimentation rates. 
The average depth of industrial age sediment deposits as determined by cesium and lead isotope 
dating methods is consistent with the average depths of maximum contaminant concentrations in 
floodplain sediments.  
Additional research needs to be performed to further understanding of contaminant sorption 
onto streambed sediments, transport of contaminated sediments during flood events, and 
subsequent contaminant deposition into the floodplain. Future work at these sites should include 
additional sediment dating with finer resolution. A second round of sampling for each profile 
should be performed with samples obtained every 1-3 cm to create more accurate contaminant 
profiles and remove some ambiguity that exists in the current data set as a result of the sampling 
interval. Additional sites along Third Creek should be added to augment the data set.   
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APPENDIX A: FIELD SITE SELECTION 
 
• Web Soil Survey maps 
• FEMA ArcGIS Flood Hazard Layer maps 
• Historic zoning maps obtained from the city of Knoxville 
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FEMA Arc-GIS Flood Hazard Maps 
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 City of Knoxville Historic Zoning Maps – 1930  
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City of Knoxville Historic Zoning Maps – 1967 
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City of Knoxville Historic Zoning Maps – 2018 
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APPENDIX B: GRAIN SIZE DISTRIBUTION 
 
• Grain size distribution graphs for each profile 
• Grain size distribution raw data for each profile 
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Profile Clay (%) Silt (%) Sand (%) Gravel (%)
GP (Distal) 17.22 59.85 20.69 3.88
TCG (Distal) 30.33 38.83 30.80 0.03
TP1A (Proximal) 18.34 23.49 27.35 30.82
TP1B (Distal) 35.09 42.15 21.81 0.96
TP2A (Proximal) 6.59 26.03 59.39 7.99
TP2B (Distal) 14.45 48.98 26.91 9.41
Average Grain Size Distributions for All Profiles
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Third Creek Greenway Park (GP) 
 
 
 
 
Third Creek Greenway Park (GP) 
Depth (cm) Clay (%) Silt (%) Sand (%) Gravel (%) 
0-13 14.60 47.33 30.31 7.76 
13-24 13.01 48.34 33.20 5.45 
24-34 20.61 64.26 14.06 1.08 
34-44 19.32 71.22 9.02 0.44 
44-60 Sample lost, no data 
60-72 15.81 64.82 19.28 0.10 
72-85 16.31 58.03 20.45 5.22 
85-99 19.32 65.01 15.67 0.00 
99-119 18.88 57.63 23.39 0.10 
119-136 17.09 61.97 20.86 0.08 
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Third Creek Greenway Site (GW) 
 
 
 
 
 
Third Creek Greenway Site (GW) 
Depth 
(cm) Clay (%) Silt (%) Sand (%) 
Gravel 
(%) 
0-16 37.9049276 50.5007164 11.594356 0 
16-28 43.1288482 46.6920681 9.89323637 0.28584724 
28-39 35.0122407 53.027823 11.8780668 0.0818696 
39-51 37.3649754 46.8003972 15.8346274 0 
51-61 44.5213248 35.6349547 19.8437206 0 
61-70 33.8239494 37.0133796 29.162671 0 
70-80 21.029868 39.8830011 39.0871309 0 
80-84 29.5675914 30.8519852 39.5804234 0 
84-93 16.9082667 31.588906 51.5028273 0 
93-104 11.5814488 32.9121739 55.3945968 0.11178041 
104-114 8.96086698 37.9367613 53.1023717 0 
114-125 29.1296596 34.079953 36.7903874 0 
125-133 38.0487815 32.5606896 29.3905289 0 
133-142 37.6845014 34.1508989 28.1645997 0 
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Tyson Park Site 1A (TP1A) 
 
 
 
 
 
 
              
             
             
             
          
 
 
 
 
 
 
Tyson Park Site 1A (TP1A) 
Depth (cm) Clay (%) Silt (%) Sand (%) Gravel (%) 
4.0-12.0 9.93 29.13 47.26 13.67 
12.0-26.0 22.49 32.51 34.33 10.67 
26.0-35.0 33.81 24.25 22.96 18.99 
35.0-38.0 21.46 23.80 23.65 31.09 
38.0-60.0 4.02 7.75 8.57 79.67 
D
e
p
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 (c
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Tyson Park Site 1B 
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Tyson Park Site 1B (TP1B) 
Depth (cm) Clay (%) Silt (%) Sand (%) Gravel (%) 
0-14 38.27 44.09 14.36 3.28 
14-23 47.24 34.35 18.02 0.39 
23-32 37.89 37.08 24.18 0.84 
32-41 37.21 37.99 24.54 0.27 
41-53 14.84 57.23 27.94 0.00 
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Tyson Park Site 2A (TP2A) 
 
 
 
 
 
 
 
Tyson Park Site 2A (TP2A) 
Depth (cm) Clay (%) Silt (%) Sand (%) Gravel (%) 
0-14 8.50 32.43 58.91 0.16 
14-25 7.79 28.43 60.78 2.96 
25-40 8.87 34.38 55.95 0.79 
40-53 2.93 15.30 74.06 7.22 
53-67 5.85 22.67 57.92 13.29 
67-85 5.39 22.99 47.64 23.98 
85-105 6.53 25.68 60.16 7.23 
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Tyson Park Site 2B (TP2B) 
 
 
 
 
 
 
Tyson Park Site 2B (TP2B) 
Depth 
(cm) Clay (%) Silt (%) Sand (%) Gravel (%) 
0-13 15.27588407 50.31113398 27.08259802 7.33038299 
13-24 16.19709571 51.26281542 23.85958746 8.680500554 
24-33 12.46932799 43.72770799 33.29215081 10.51081312 
33-47 13.38325576 47.85077573 30.4974118 8.268556098 
47-57 13.13893483 43.90131961 24.8447815 18.11496406 
57-74 14.74848066 48.8643761 25.30905083 11.07809241 
74-88 15.38177067 52.12830987 25.83334894 6.656570524 
88-104 14.31678178 49.84783451 26.79781096 6.780711541 
104-114 15.1351307 52.9123907 24.69971343 7.252712936 
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APPENDIX C: TOTAL ORGANIC MATTER 
 
• Raw data from Loss on Ignition Test for each profile 
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Depth 
(cm)
Avg Sample 
Depth (cm)
Crucibl
e #
Volume 
(tsp)
Crucible 
Wt (g)
Crucible 
+ Sed (g)
Crucible + 
sed 24 hr@ 
100 C (g)
crucible + 
sed 1 hr @ 
550 C (g)
Dry 
Mass 
(g)
Mass of 
Organics 
(g)
% 
Organics 
in sample
Water 
Content
0-13 6.5 1 0.25 8.7647 10.5857 10.5417 10.4357 1.7770 0.1060 6.0 0.0440
13-24 18.5 2 0.25 9.1988 10.9147 10.8824 10.8124 1.6836 0.0700 4.2 0.0323
24-34 29 3 0.25 8.7637 10.8357 10.7971 10.7086 2.0334 0.0885 4.4 0.0386
34-44 39 8 0.25 9.6990 11.6824 11.6457 11.5602 1.9467 0.0855 4.4 0.0367
44-60 52 9 0.25 9.5305 11.4571 11.4243 11.3432 1.8938 0.0811 4.3 0.0328
60-72 66 11 0.25 9.7955 11.7522 11.7230 11.6512 1.9275 0.0718 3.7 0.0292
72-85 78.5 14 0.25 10.2277 12.6400 12.6011 12.5066 2.3734 0.0945 4.0 0.0389
85-99 92 16 0.25 9.1700 11.2441 11.2068 11.1163 2.0368 0.0905 4.4 0.0373
99-119 109 17 0.25 9.9009 11.9030 11.8690 11.7790 1.9681 0.0900 4.6 0.0340
119-136 127.5 18 0.25 10.0084 12.0440 12.0110 11.9141 2.0026 0.0969 4.8 0.0330
Loss On Ignition - Test for Organic Content at Third Creek Greenway Park (GP)
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Sample 
Depth (cm)
Avg 
Depth 
(cm)
Crucible #
Volume 
(tsp)
Crucible 
Wt (g)
Crucible + 
Sed (g)
Crucible + 
sed 24 hr@ 
100 C (g)
crucible + 
sed 1 hr @ 
550 C (g)
Dry 
Mass 
(g)
Mass of 
Organics 
(g)
% 
Organics 
Water 
Content 
(g)
0-16 8 1 0.25 8.7629 10.5703 10.5309 10.4264 1.7680 0.1045 5.9 0.0394
16-28 22 9 0.25 9.5305 11.2458 11.2124 11.1247 1.6819 0.0877 5.2 0.0334
28-39 33.5 10 0.25 9.2053 10.8563 10.8262 10.7540 1.6209 0.0722 4.5 0.0301
39-51 45 16 0.25 9.1701 11.1485 11.1113 11.0217 1.9412 0.0896 4.6 0.0372
51-61 56 7 0.25 9.4778 11.0427 11.0127 10.9407 1.5349 0.0720 4.7 0.0300
61-70 65.5 17 0.25 9.9011 12.0448 12.0055 11.9187 2.1044 0.0868 4.1 0.0393
70-80 75 5 0.25 8.4790 10.2747 10.2468 10.1866 1.7678 0.0602 3.4 0.0279
80-84 82 8 0.25 9.6985 11.7347 11.7061 11.6443 2.0076 0.0618 3.1 0.0286
84-93 88.5 13 0.25 9.9064 11.9808 11.9537 11.9007 2.0473 0.0530 2.6 0.0271
93-104 98.5 2 0.25 9.1991 11.1480 11.1226 11.0750 1.9235 0.0476 2.5 0.0254
104-114 109 3 0.25 8.7637 10.7161 10.6871 10.6347 1.9234 0.0524 2.7 0.0290
114-125 119.5 6 0.25 8.3813 10.4133 10.3773 10.3143 1.9960 0.0630 3.2 0.0360
125-133 129 15 0.25 9.8049 11.6900 11.6537 11.5863 1.8488 0.0674 3.6 0.0363
133-142 137.5 none 0.25 8.6581 10.4415 10.4061 10.3383 1.7480 0.0678 3.9 0.0354
Loss On Ignition - Test for Organic Content at the Third Creek Greenway Site (GW)
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Sample 
Depth 
(cm)
Avg 
Depth 
(cm)
Crucible 
#
Volume 
(tsp)
Crucible 
Wt (g)
Crucible 
+ Sed 
(g)
Crucible + 
sed 24 hr@ 
100 C (g)
crucible + 
sed 1 hr @ 
550 C (g)
Dry 
Mass 
(g)
Mass of 
Organics 
(g)
% 
Organics 
in sample
Water 
Content 
(g)
4 to 12 8 4 0.25 8.6695 10.3307 10.2976 10.2029 1.6281 0.0947 5.8 0.0331
12 to 26 19 14 0.25 10.2276 12.1847 12.1470 12.0775 1.9194 0.0695 3.6 0.0377
26 to 35 30.5 18 0.25 10.0086 11.5267 11.4995 11.4357 1.4909 0.0638 4.3 0.0272
35 to 38 36.5 12 0.25 9.7635 11.7471 11.7143 11.6258 1.9508 0.0885 4.5 0.0328
38 to 60 49 11 0.25 9.7959 11.6915 11.6654 11.5874 1.8695 0.0780 4.2 0.0261
Loss On Ignition - Test for Organic Content at Tyson Park Site 1A (TP1A)
Sample 
Depth 
(cm)
Avg 
Depth 
(cm)
Crucible 
#
Volume 
(tsp)
Crucible 
Wt (g)
Crucible 
+ Sed 
(g)
Crucible + 
sed 24 hr@ 
100 C (g)
crucible + 
sed 1 hr @ 
550 C (g)
Dry 
Mass 
(g)
Mass of 
Organics 
(g)
% 
Organics 
in sample
Water 
content 
(g)
0-14 7 17 0.25 9.9009 11.7320 11.6819 11.5613 1.7810 0.1206 6.8 0.0501
14-23 18.5 8 0.25 9.6988 11.9031 11.8446 11.7330 2.1458 0.1116 5.2 0.0585
23-32 27.5 1 0.25 8.7638 10.4852 10.4461 10.3641 1.6823 0.0820 4.9 0.0391
32-41 36.5 3 0.25 8.7637 10.5061 10.4651 10.3794 1.7014 0.0857 5.0 0.0410
41-53 47 9 0.25 9.5305 11.3880 11.3460 11.2580 1.8155 0.0880 4.8 0.0420
Loss On Ignition - Test for Organic Content at Tyson Park Site 1B (TP1B)
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Sample 
Depth 
(cm)
Avg 
Depth 
(cm)
Crucible 
#
Volume 
(tsp)
Crucible 
Wt (g)
Crucible 
+ Sed 
(g)
Crucible + 
sed 24 hr@ 
100 C (g)
crucible + 
sed 1 hr @ 
550 C (g)
Dry 
Mass 
(g)
Mass of 
Organics 
(g)
% 
Organics 
in sample
Water 
Content 
(g)
0-14 7 4 0.25 8.6693 10.3694 10.3410 10.2334 1.6717 0.1076 6.4 0.0284
14-25 19.5 6 0.25 8.3812 10.4983 10.4648 10.3539 2.0836 0.1109 5.3 0.0335
25-40 32.5 7 0.25 9.4775 11.1809 11.1538 11.0628 1.6763 0.0910 5.4 0.0271
40-53 46.5 10 0.25 9.2052 11.2011 11.1779 11.1240 1.9727 0.0539 2.7 0.0232
53-67 60 12 0.25 9.7635 11.8379 11.8059 11.7378 2.0424 0.0681 3.3 0.0320
67-85 76 13 0.25 9.9070 12.0861 12.0506 11.9768 2.1436 0.0738 3.4 0.0355
85-105 95 15 0.25 9.8050 11.6580 11.6294 11.5681 1.8244 0.0613 3.4 0.0286
Loss On Ignition - Test for Organic Content at Tyson Park Site 2A (TP2A) : Trial 1
Sample 
Depth 
(cm)
Avg 
Depth 
(cm)
Crucible 
#
Volume 
(tsp)
Crucible 
Wt (g)
Crucible 
+ Sed 
(g)
Crucible + 
sed 24 hr@ 
100 C (g)
crucible + 
sed 1 hr @ 
550 C (g)
Dry 
Mass 
(g)
Mass of 
Organics 
(g)
% 
Organics 
in sample
Water 
Content 
(g)
0-14 7 11 0.25 9.7956 11.4617 11.4386 11.3358 1.6430 0.1028 6.3 0.0231
14-25 19.5 6 0.25 8.3813 10.1532 10.1305 10.0384 1.7492 0.0921 5.3 0.0227
25-40 32.5 3 0.25 8.7639 10.7135 10.6877 10.5870 1.9238 0.1007 5.2 0.0258
40-53 46.5 9 0.25 9.5302 11.2574 11.2380 11.1907 1.7078 0.0473 2.8 0.0194
53-67 60 5 0.25 8.4792 10.3697 10.3451 10.2828 1.8659 0.0623 3.3 0.0246
67-85 76 13 0.25 9.9062 11.6102 11.5860 11.5288 1.6798 0.0572 3.4 0.0242
85-105 95 7 0.25 9.4774 11.3405 11.3164 11.2549 1.8390 0.0615 3.3 0.0241
Loss On Ignition - Test for Organic Content at Tyson Park Site 2A (TP2A) : Trial 2
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Sample 
Depth 
(cm)
Avg 
Depth 
(cm)
Crucible 
#
Volume 
(tsp)
Crucible 
Wt (g)
Crucible 
+ Sed 
(g)
Crucible + 
sed 24 hr@ 
100 C (g)
crucible + 
sed 1 hr @ 
550 C (g)
Dry 
Mass 
(g)
Mass of 
Organics 
(g)
% 
Organics 
in sample
Water 
Content 
(g)
0-14 7 4 0.25 8.6697 10.3061 10.2854 10.1825 1.6157 0.1029 6.4 0.0207
14-25 19.5 16 0.25 9.1701 10.8205 10.8000 10.7100 1.6299 0.0900 5.5 0.0205
25-40 32.5 14 0.25 10.2279 11.9683 11.9466 11.8555 1.7187 0.0911 5.3 0.0217
40-53 46.5 1 0.25 8.7631 10.7747 10.7537 10.6948 1.9906 0.0589 3.0 0.0210
53-67 60 8 0.25 9.6991 11.5447 11.5200 11.4561 1.8209 0.0639 3.5 0.0247
67-85 76 17 0.25 9.9001 11.6433 11.6199 11.5612 1.7198 0.0587 3.4 0.0234
85-105 95 18 0.25 10.0086 11.7520 11.7324 11.6768 1.7238 0.0556 3.2 0.0196
Loss On Ignition - Test for Organic Content at Tyson Park Site 2A (TP2A) : Trial 3
Sample 
Depth 
(cm)
Avg 
Depth 
(cm)
Crucible 
#
Volume 
(tsp)
Crucible 
Wt (g)
Crucible 
+ Sed 
(g)
Crucible + 
sed 24 hr@ 
100 C (g)
crucible + 
sed 1 hr @ 
550 C (g)
Dry 
Mass 
(g)
Mass of 
Organics 
(g)
% 
Organics 
in sample
Water 
Content 
(g)
0-13 6.5 12 0.25 9.7630 11.9638 11.9080 11.7862 2.1450 0.1218 5.7 0.0558
13-24 18.5 11 0.25 9.7958 11.5631 11.5377 11.4572 1.7419 0.0805 4.6 0.0254
24-33 28.5 18 0.25 10.0088 11.8883 11.8622 11.7969 1.8534 0.0653 3.5 0.0261
33-47 40 14 0.25 10.2278 11.6482 11.6237 11.5726 1.3959 0.0511 3.7 0.0245
47-57 52 16 0.25 9.1701 11.1385 11.1099 11.0438 1.9398 0.0661 3.4 0.0286
57-74 65.5 4 0.25 8.6695 10.7117 10.6822 10.6258 2.0127 0.0564 2.8 0.0295
74-88 81 7 0.25 9.4776 11.8721 11.8402 11.7738 2.3626 0.0664 2.8 0.0319
88-104 96 6 0.25 8.3814 10.1036 10.0748 10.0228 1.6934 0.0520 3.1 0.0288
104-114 109 2 0.25 9.1989 11.3232 11.2852 11.2194 2.0863 0.0658 3.2 0.0380
Loss On Ignition - Test for Organic Content at Tyson Park Site 2B (TP2B)
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APPENDIX D: SEDIMENT DATING 
• Raw data from 210Pb analyses 
• Raw data from 137Cs analyses 
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Profile Depth (cm)
Increment 
Activity 
mBq/cm
2
± Error Detection Level
Pb-210 mBq 
per gram dw
±error
 Excess Pb-
210 above 
Background 
log Excess 
GP 0-13 2.48 0.27 detected 192.27 4.418 N/A N/A
GP 13-24 2.31 0.25 detected 195.52 4.693 N/A N/A
GP 24-34 0.53 0.06 detected 252.1 4.909 N/A N/A
GP 34-44 trace detected 230.74 4.6 N/A N/A
GP 44-60 trace detected 224.86 4.572 N/A N/A
GP 60-72 not detected 196.6 4.305 N/A N/A
GP 72-85 not detected 232.5 4.641 N/A N/A
GP 85-99 not detected 219.51 4.486 N/A N/A
GP 99-119 not detected 198.02 4.15 N/A N/A
GP 119-136 not detected 221.52 4.447 N/A N/A
TP2A 0-14 1.45 0.73 detected 252.54 5.007 133.74 4.895897617
TP2A 14-25 3.79 1.91 detected 225.82 4.882 107.02 4.673015733
TP2A 25-40 trace detected 203.4 4.327 84.6 4.437934267
TP2A 40-53 trace detected 132.45 3.879 13.65 2.613739522
TP2A 53-67 trace detected 137.48 4.011 18.68 2.927453433
TP2A 67-86 not detected 116.02 3.541 -2.78 N/A
TP2A 86-105 not detected 121.58 3.351 2.78 1.022450928
Data for 210Pb and 137Cs Analyses
Green highlights are data used to calculate sedimentation rate with 
210
Pb data
Background used for 210Pb sedimentation rate is 118.8 mBq g-1 (avg of the two deepest samples)
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APPENDIX E: PAH DATA 
 
• Raw polycyclic aromatic hydrocarbon (PAH) data tables for each profile 
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Sample Depth (cm) 1-Methylnapthalene 2-Methylnapthalene Benzo(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene
0-16 ND ND 160 170 300
16-28 ND ND ND ND ND
28-39 ND ND ND ND ND
39-51 ND ND ND ND ND
51-61 ND ND ND ND ND
61-70 ND ND ND ND ND
70-80 ND ND ND ND ND
80-84 ND ND ND ND ND
84-93 ND ND ND ND ND
93-104 ND ND ND ND ND
104-114 ND ND ND ND ND
114-125 ND ND ND ND ND
125-133 ND ND ND ND ND
133-142 ND ND ND ND ND
*ND = Not detected
PAH Analysis - Third Creek Greenway (GW)
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Sample Depth (cm) Benzo(g,h,i)perylene Benzo(k)fluoranthene Chrysene Dibenzo(a,h)anthracene Fluoranthene
0-16 ND ND ND ND 320
16-28 ND ND ND ND ND
28-39 ND ND ND ND ND
39-51 ND ND ND ND ND
51-61 ND ND ND ND ND
61-70 ND ND ND ND ND
70-80 ND ND ND ND ND
80-84 ND ND ND ND ND
84-93 ND ND ND ND ND
93-104 ND ND ND ND ND
104-114 ND ND ND ND ND
114-125 ND ND ND ND ND
125-133 ND ND ND ND ND
133-142 ND ND ND ND ND
*ND = Not detected
PAH Analysis - Third Creek Greenway (GW)
 106  
Sample Depth (cm) Indeno(1,2,3-cd)pyrene Napthalene Phenanthrene Pyrene
0-16 170 ND ND 280
16-28 ND ND ND ND
28-39 ND ND ND ND
39-51 ND ND ND ND
51-61 ND ND ND ND
61-70 ND ND ND ND
70-80 ND ND ND ND
80-84 ND ND ND ND
84-93 ND ND ND ND
93-104 ND ND ND ND
104-114 ND ND ND ND
114-125 ND ND ND ND
125-133 ND ND ND ND
133-142 ND ND ND ND
*ND = Not detected
PAH Analysis - Third Creek Greenway (GW)
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Sample Depth (cm) 1-Methylnapthalene 2-Methylnapthalene Benzo(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene
0-13 ND ND 460 610 960
13-24 ND ND ND ND ND
24-34 ND ND ND ND ND
34-44 ND ND ND ND ND
44-60 ND ND ND ND ND
60-72 ND ND ND ND ND
72-85 ND ND ND ND ND
85-99 ND ND ND ND ND
99-119 ND ND ND ND ND
119-136 ND ND ND ND ND
PAH Anaylsis - Third Creek Greenway Park (GP)
*ND = Not detected
Sample Depth (cm) Benzo(g,h,i)perylene Benzo(k)fluoranthene Chrysene Dibenzo(a,h)anthracene Fluoranthene
0-13 580 340 640 120 1100
13-24 ND ND ND ND ND
24-34 ND ND ND ND ND
34-44 ND ND ND ND ND
44-60 ND ND ND ND ND
60-72 ND ND ND ND ND
72-85 ND ND ND ND ND
85-99 ND ND ND ND ND
99-119 ND ND ND ND ND
119-136 ND ND ND ND ND
PAH Anaylsis - Third Creek Greenway Park (GP)
*ND = Not detected
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Sample Depth (cm) Indeno(1,2,3-cd)pyrene Napthalene Phenanthrene Pyrene
0-13 550 ND 370 920
13-24 ND ND ND ND
24-34 ND ND ND ND
34-44 ND ND ND ND
44-60 ND ND ND ND
60-72 ND ND ND ND
72-85 ND ND ND ND
85-99 ND ND ND ND
99-119 ND ND ND ND
119-136 ND ND ND ND
*ND = Not detected
PAH Anaylsis - Third Creek Greenway Park (GP)
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Sample Depth (cm) 1-Methylnapthalene 2-Methylnapthalene Benzo(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene
4 to 12 240 320 840 1100 1600
12 to 26 ND ND 300 300 430
26-35 ND ND 180 250 360
35-38 ND ND 120 150 230
38-60 ND ND ND ND ND
*ND = Not detected
PAH Analysis - Tyson Park Site 1A (TP1A)
Sample Depth (cm) Benzo(g,h,i)perylene Benzo(k)fluoranthene Chrysene Dibenzo(a,h)anthracene Fluoranthene
4 to 12 850 560 1000 210 1700
12 to 26 210 ND 310 ND 690
26-35 210 ND 240 ND 430
35-38 ND ND ND ND 260
38-60 ND ND ND ND ND
*ND = Not detected
PAH Analysis - Tyson Park Site 1A (TP1A)
Sample Depth (cm) Indeno(1,2,3-cd)pyrene Napthalene Phenanthrene Pyrene
4 to 12 860 210 720 1500
12 to 26 220 ND 530 540
26-35 210 ND ND 370
35-38 120 ND ND 250
38-60 ND ND ND ND
*ND = Not detected
PAH Analysis - Tyson Park Site 1A (TP1A)
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Sample Depth (cm) 1-Methylnapthalene 2-Methylnapthalene Benzo(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene
0-14 ND ND ND ND ND
14-23 ND ND ND ND ND
23-32 ND ND ND ND ND
32-41 ND ND ND ND ND
41-53 ND ND ND ND ND
*ND = Not detected
PAH Analysis - Tyson Park Site 1B (TP1B)
Sample Depth (cm) Benzo(g,h,i)perylene Benzo(k)fluoranthene Chrysene Dibenzo(a,h)anthracene Fluoranthene
0-14 ND ND ND ND ND
14-23 ND ND ND ND ND
23-32 ND ND ND ND ND
32-41 ND ND ND ND ND
41-53 ND ND ND ND ND
*ND = Not detected
PAH Analysis - Tyson Park Site 1B (TP1B)
Sample Depth (cm) Indeno(1,2,3-cd)pyrene Napthalene Phenanthrene Pyrene
0-14 ND ND ND ND
14-23 ND ND ND ND
23-32 ND ND ND ND
32-41 ND ND ND ND
41-53 ND ND ND ND
*ND = Not detected
PAH Analysis - Tyson Park Site 1B (TP1B)
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Sample Depth (cm) 1-Methylnapthalene 2-Methylnapthalene Anthracene
0-14 ND ND ND
14-25 ND ND 400
25-40 ND 210 ND
40-53 ND ND ND
53-67 ND ND ND
67-85 ND ND ND
85-105 ND ND ND
PAH Analysis - Tyson Park Site 2A (TP2A)
*ND = Not detected
Sample Depth (cm) Benzo(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene
0-14 1500 2100 3200
14-25 2000 2300 3400
25-40 740 980 1600
40-53 130 180 290
53-67 130 160 260
67-85 ND ND ND
85-105 ND ND ND
PAH Analysis - Tyson Park Site 2A (TP2A)
*ND = Not detected
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Sample Depth (cm) Benzo(g,h,i)perylene Benzo(k)fluoranthene Carbazole Chrysene
0-14 1700 1100 ND 1900
14-25 1600 1300 260 2200
25-40 750 560 0 960
40-53 ND ND ND ND
53-67 ND ND ND ND
67-85 ND ND ND ND
85-105 ND ND ND ND
PAH Analysis - Tyson Park Site 2A (TP2A)
*ND = Not detected
PAH Analysis - Tyson Park Site 2A (TP2A)
Sample Depth (cm) Dibenzo(a,h)anthracene Fluoranthene Indeno(1,2,3-cd)pyrene Napthalene
0-14 390 3000 1800 ND
14-25 430 3900 1800 ND
25-40 200 1500 810 ND
40-53 ND 250 150 ND
53-67 ND 250 130 ND
67-85 ND ND ND ND
85-105 ND ND ND ND
*ND = Not detected
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Sample Depth (cm) Phenanthrene Pyrene
0-14 1100 2500
14-25 2200 3300
25-40 570 1200
40-53 ND 210
53-67 ND 220
67-85 ND ND
85-105 ND ND
*ND = Not detected
PAH Analysis - Tyson Park Site 2A (TP2A)
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Sample Depth 
(cm) 1-Methylnapthalene 2-Methylnapthalene Benzo(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene
0-13 ND ND 340 410 650
13-24 ND ND 150 170 260
24-33 ND ND ND ND ND
33-47 ND ND 100 100 ND
47-57 ND ND ND ND ND
57-74 ND ND ND ND ND
74-88 ND ND ND ND ND
88-104 ND ND ND ND ND
104-114 ND ND ND ND ND
PAH Analysis - Tyson Park Site 2B (TP2B)
*ND = Not detected
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Sample Depth (cm)
Benzo(g,h,i)perylene Benzo(k)fluoranthene Chrysene Dibenzo(a,h)anthracene Fluoranthene
0-13 340 220 410 ND 710
13-24 ND ND 220 ND 240
24-33 ND ND ND ND ND
33-47 ND ND ND ND ND
47-57 ND ND ND ND ND
57-74 ND ND ND ND ND
74-88 ND ND ND ND ND
88-104 ND ND ND ND ND
104-114 ND ND ND ND ND
PAH Analysis - Tyson Park Site 2B (TP2B)
*ND = Not detected
 116  
 
Sample Depth (cm)
Indeno(1,2,3-cd)pyrene Napthalene Phenanthrene Pyrene
0-13 350 ND 330 590
13-24 110 ND ND 200
24-33 ND ND ND ND
33-47 ND ND ND ND
47-57 ND ND ND ND
57-74 ND ND ND ND
74-88 ND ND ND ND
88-104 ND ND ND ND
104-114 ND ND ND ND
*ND = Not detected
PAH Analysis - Tyson Park Site 2B (TP2B)
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APPENDIX F: ELEMENTAL DATA 
 
• Chart of background levels of elemental contaminants in soils 
• Raw data from a 47 element analysis 
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Background Contaminant Concentrations in Soils 
 
Contaminant Average Background 
Level in Global Soils 
(ppm) 
Background Level in eastern TN Soils 
(ppm) 
Cadmium 0.098 1.0 
Chromium 35 20 
Copper 25 25 
Mercury 0.09 in U.S. soils 0.18 
Manganese 600 930 
Lead 20 45 
Zinc 71 94 
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Site Depth Recvd Wt. Au Ag Al As B Ba Be Bi Ca Cd Ce Co
ID cm kg ppm ppm % ppm ppm ppm ppm ppm % ppm ppm ppm
TP1B 0-14 0.22 0.0034 0.058 2.22 6.5 <10 87.6 1.36 0.276 0.47 0.23 41.8 13.9
TP1B 14-23 0.18 0.0012 0.017 2.5 5.25 <10 70.5 2.02 0.237 0.23 0.08 54 21.1
TP1B 23-32 0.2 0.0003 0.011 2.42 4.07 <10 68.4 2.4 0.221 0.14 0.07 58.8 22.5
TP1B 32-41 0.09 0.0005 0.009 2.59 7.98 <10 79.7 2.09 0.265 0.11 0.06 63.9 21.1
TP1B 41-53 0.13 0.0005 0.009 2.47 5.54 <10 73.5 2.1 0.258 0.09 0.07 61.5 21.4
TP2B 0-13 0.27 0.0014 0.274 1.16 13.9 <10 112 0.7 0.184 0.46 0.63 54.7 14.3
TP2B 13-24 0.1 0.0027 0.184 1.21 12.25 <10 94.1 0.69 0.162 0.32 0.35 62.9 14.7
TP2B 24-33 0.11 0.0007 0.099 1.2 9.61 <10 70.6 0.61 0.135 0.2 0.15 65.1 14
TP2B 33-47 0.13 0.0006 0.139 1.19 9.65 <10 69.1 0.57 0.139 0.21 0.18 63.4 14.2
TP2B 47-57 0.07 0.0006 0.107 1.21 9 <10 63.2 0.57 0.12 0.16 0.12 63.7 16.2
TP2B 57-74 0.24 0.0003 0.076 1.31 7.3 <10 54.1 0.54 0.118 0.12 0.08 76.8 16.7
TP2B 74-88 0.21 0.0033 0.046 1.65 8.62 <10 53.4 0.48 0.137 0.14 0.06 72.1 12.8
TP2B 88-104 0.15 0.0031 0.041 1.83 10.35 <10 49.3 0.52 0.176 0.15 0.04 61 10.7
TP2B 104-114 0.16 0.0011 0.046 1.95 12.05 <10 59 0.48 0.197 0.16 0.05 61.2 12.5
GW 0-16 0.11 0.0019 0.203 1.61 14.2 <10 148 1.19 0.256 0.3 0.57 71.1 19.1
GW 16-28 0.08 0.0005 0.085 1.63 13.5 <10 139.5 1.14 0.225 0.25 0.34 75.5 15.7
GW 28-39 0.13 0.0009 0.056 1.67 11.3 <10 126.5 1.19 0.2 0.21 0.22 79.2 15.3
GW 39-51 0.08 0.0008 0.05 1.58 10.1 <10 123 1.32 0.167 0.22 0.24 76.7 14.4
GW 51-61 0.09 0.0008 0.058 1.51 8.05 <10 124 1.61 0.165 0.24 0.32 76.2 13.5
GW 61-70 0.08 0.0006 0.058 1.52 6.99 <10 119.5 1.89 0.163 0.24 0.42 75.7 13
GW 70-80 0.1 0.0003 0.052 1.28 6.14 <10 102 1.65 0.146 0.21 0.38 69.9 11.8
GW 80-84 0.06 0.0009 0.046 1.23 6.23 <10 96.3 1.4 0.144 0.19 0.35 65.4 11.4
GW 84-93 0.09 0.0003 0.042 1.21 5.74 <10 92.8 1.44 0.14 0.18 0.36 62.7 11.2
GW 93-104 0.14 0.0007 0.041 1.28 6.06 <10 90.4 1.61 0.15 0.17 0.39 64.3 11.7
GW 104-114 0.12 0.0004 0.034 1.38 6.48 <10 94.6 1.64 0.151 0.18 0.41 68 11.9
GW 114-125 0.17 0.0008 0.028 1.49 6.46 <10 98.1 1.86 0.161 0.2 0.39 70.1 11.8
GW 125-133 0.11 0.0006 0.026 1.54 6.57 <10 99.7 1.92 0.168 0.22 0.35 72.7 11.8
GW 133-142 0.11 0.0007 0.034 1.57 7.06 <10 101.5 1.89 0.165 0.23 0.33 72.7 11.9
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Site Depth Recvd Wt. Cr Cs Cu Fe Ga Ge Hf Hg In K La Li Mg
ID cm kg ppm ppm ppm % ppm ppm ppm ppm ppm % ppm ppm %
TP1B 0-14 0.22 25 0.919 30.2 4.21 7.83 0.1 0.087 0.06 0.04 0.14 12.25 26.7 0.35
TP1B 14-23 0.18 27 1.145 21.6 4.83 8.41 0.12 0.118 0.037 0.06 0.13 15 36 0.41
TP1B 23-32 0.2 27.5 1.295 20.7 4.84 7.96 0.15 0.151 0.026 0.06 0.13 17.9 36.9 0.45
TP1B 32-41 0.09 28 1.3 30.1 5.09 8.85 0.13 0.138 0.036 0.07 0.14 16.4 36.1 0.38
TP1B 41-53 0.13 27.1 1.275 25 4.98 8.72 0.13 0.167 0.034 0.06 0.13 15.45 35.9 0.39
TP2B 0-13 0.27 19.7 0.944 34.5 2.05 4 0.07 0.048 0.112 0.02 0.06 13.55 8 0.13
TP2B 13-24 0.1 15.3 1.02 21.4 1.63 3.93 0.06 0.047 0.074 0.02 0.05 14.7 7.5 0.1
TP2B 24-33 0.11 11.45 1.145 13.4 1.35 3.53 0.06 0.041 0.05 0.02 0.04 15.3 6.7 0.07
TP2B 33-47 0.13 12.65 1.18 13.1 1.42 3.66 0.06 0.035 0.053 0.02 0.04 14.7 7.2 0.08
TP2B 47-57 0.07 11.85 1.2 10.45 1.37 3.74 0.06 0.027 0.048 0.02 0.04 14.6 7.4 0.07
TP2B 57-74 0.24 11.25 1.24 10.45 1.35 3.83 0.06 0.022 0.056 0.02 0.04 13.9 8.3 0.08
TP2B 74-88 0.21 13.75 1.325 11.75 1.68 4.88 0.06 0.017 0.066 0.02 0.05 15.2 11 0.1
TP2B 88-104 0.15 14.9 1.36 13.35 2.03 5.87 0.07 0.037 0.095 0.03 0.06 14.9 13.3 0.11
TP2B 104-114 0.16 16.6 1.36 14.5 2.3 6.23 0.07 0.051 0.113 0.03 0.07 14.15 14.5 0.13
GW 0-16 0.11 23 0.903 28.1 2.99 6.32 0.1 0.06 0.124 0.04 0.08 21.3 12.2 0.11
GW 16-28 0.08 19.05 1.055 19.6 2.56 6.14 0.1 0.059 0.098 0.03 0.08 23.9 10.8 0.1
GW 28-39 0.13 18.7 1.06 14.45 2.48 5.92 0.1 0.06 0.082 0.03 0.08 26.2 11.1 0.09
GW 39-51 0.08 19.95 0.837 12.65 2.32 5.43 0.11 0.084 0.058 0.03 0.08 28 11.2 0.1
GW 51-61 0.09 21.4 0.679 13.1 2.18 5.11 0.12 0.128 0.065 0.03 0.08 32.4 12.9 0.11
GW 61-70 0.08 23.2 0.628 18 2.21 5.25 0.13 0.135 0.063 0.03 0.08 33.5 13.5 0.11
GW 70-80 0.1 20.6 0.576 20.2 1.94 4.52 0.12 0.098 0.057 0.03 0.07 29.5 11.7 0.09
GW 80-84 0.06 19.25 0.507 15.95 1.9 4.09 0.09 0.084 0.06 0.03 0.07 26.8 10.7 0.09
GW 84-93 0.09 18.45 0.514 11.4 1.88 4.34 0.1 0.067 0.053 0.03 0.07 25 11.3 0.09
GW 93-104 0.14 19.6 0.549 7.35 1.91 4.69 0.11 0.057 0.055 0.03 0.07 25.4 13.4 0.09
GW 104-114 0.12 20.3 0.558 7.24 2.04 4.87 0.12 0.073 0.054 0.03 0.08 28.6 13.8 0.1
GW 114-125 0.17 22.1 0.585 7.01 2.16 5.65 0.13 0.067 0.059 0.04 0.08 31.2 16.5 0.11
GW 125-133 0.11 24.6 0.683 7.56 2.21 5.5 0.13 0.1 0.059 0.03 0.09 33.4 16.6 0.11
GW 133-142 0.11 26.7 0.626 7.55 2.23 5.41 0.13 0.086 0.056 0.03 0.09 34.5 16.4 0.12
 121  
  
Site Depth Recvd Wt. Mn Mo Na Nb Ni P Pb Pd Pt Rb Re S
ID cm kg ppm ppm % ppm ppm % ppm ppm ppm ppm ppm %
TP1B 0-14 0.22 560 0.53 0.004 0.32 25.2 0.038 33.1 0.001 <0.002 13.85 <0.001 0.01
TP1B 14-23 0.18 746 0.22 0.003 0.16 33.3 0.04 22.5 <0.001 <0.002 14.35 <0.001 0.01
TP1B 23-32 0.2 844 0.18 0.003 0.1 37.5 0.043 21.5 <0.001 <0.002 14.3 <0.001 0.01
TP1B 32-41 0.09 866 0.23 0.003 0.08 33.4 0.048 26.3 <0.001 <0.002 16.8 <0.001 0.01
TP1B 41-53 0.13 862 0.22 0.002 0.09 33.8 0.042 25.2 <0.001 <0.002 15.8 <0.001 0.01
TP2B 0-13 0.27 1385 1.65 0.003 0.41 15.2 0.044 102 <0.001 <0.002 11.15 <0.001 0.02
TP2B 13-24 0.1 1285 1.34 <0.001 0.44 11.5 0.04 65.1 0.001 <0.002 11.45 <0.001 0.01
TP2B 24-33 0.11 1095 1.1 <0.001 0.35 9.51 0.035 39.8 0.003 <0.002 11.5 <0.001 0.01
TP2B 33-47 0.13 1085 1.12 <0.001 0.35 9.41 0.036 43.3 <0.001 <0.002 11.8 <0.001 0.01
TP2B 47-57 0.07 1110 1.05 0.002 0.34 8.66 0.038 35.7 <0.001 <0.002 11.6 <0.001 0.02
TP2B 57-74 0.24 762 0.98 <0.001 0.35 8.45 0.025 28.9 0.001 <0.002 10.95 <0.001 <0.01
TP2B 74-88 0.21 513 1.06 0.002 0.37 10.45 0.023 23.9 <0.001 <0.002 12.55 <0.001 <0.01
TP2B 88-104 0.15 404 1.2 0.001 0.38 11.5 0.023 20 <0.001 <0.002 14.65 <0.001 <0.01
TP2B 104-114 0.16 667 1.36 0.002 0.31 12.85 0.027 21.8 0.003 0.008 16.05 <0.001 <0.01
GW 0-16 0.11 3090 1.81 0.001 0.41 19.2 0.047 89.2 <0.001 <0.002 16.05 0.001 0.02
GW 16-28 0.08 2370 1.12 0.001 0.4 15.4 0.042 46.6 <0.001 <0.002 16.95 <0.001 0.01
GW 28-39 0.13 2120 1.04 <0.001 0.4 15.4 0.041 33.1 0.001 <0.002 17.95 <0.001 0.01
GW 39-51 0.08 2050 0.79 <0.001 0.35 15.2 0.046 28.2 <0.001 <0.002 16.1 <0.001 0.01
GW 51-61 0.09 1780 0.57 <0.001 0.28 16.2 0.049 24.4 <0.001 <0.002 16.6 <0.001 0.01
GW 61-70 0.08 1750 0.55 <0.001 0.26 17.15 0.048 23.7 <0.001 <0.002 16.7 <0.001 0.01
GW 70-80 0.1 1440 0.44 0.001 0.25 14.6 0.037 20.7 <0.001 <0.002 15.15 0.001 0.01
GW 80-84 0.06 1330 0.44 <0.001 0.22 13.5 0.034 20.4 0.001 <0.002 15.25 <0.001 <0.01
GW 84-93 0.09 1250 0.43 0.001 0.21 13.2 0.031 19.7 <0.001 <0.002 13.9 <0.001 0.01
GW 93-104 0.14 1240 0.42 0.001 0.21 13.95 0.028 19.9 <0.001 <0.002 14 <0.001 0.01
GW 104-114 0.12 1330 0.47 0.001 0.21 15.15 0.029 20.7 <0.001 <0.002 14.8 <0.001 <0.01
GW 114-125 0.17 1230 0.43 0.001 0.21 15.85 0.032 21.1 <0.001 <0.002 15.55 <0.001 <0.01
GW 125-133 0.11 1155 0.5 0.001 0.28 16.8 0.033 21.8 <0.001 <0.002 17.4 <0.001 0.01
GW 133-142 0.11 1100 0.5 0.001 0.25 17.4 0.034 22 <0.001 <0.002 17.45 <0.001 0.01
 122  
 
Site Depth Recvd Wt. Sb Sc Se Sn Sr Ta Te Th Ti Tl U V
ID cm kg ppm ppm ppm ppm ppm ppm ppm ppm % ppm ppm ppm
TP1B 0-14 0.22 0.243 8.07 0.3 1.53 11.45 <0.005 0.02 6.16 0.01 0.129 0.773 32.8
TP1B 14-23 0.18 0.145 9.77 <0.1 1 8.24 <0.005 0.02 7.65 0.01 0.123 0.796 34.8
TP1B 23-32 0.2 0.126 10.3 0.1 1.08 6.73 <0.005 0.01 7.73 0.01 0.111 0.812 34.3
TP1B 32-41 0.09 0.126 10.95 0.3 1.07 6.9 <0.005 0.02 8.63 0.01 0.146 0.94 37.5
TP1B 41-53 0.13 0.172 11.05 0.1 1.03 6.77 <0.005 0.02 8.35 0.01 0.123 0.986 36
TP2B 0-13 0.27 0.738 2.4 0.5 3.98 9.77 <0.005 0.02 1.69 0.01 0.242 0.805 25
TP2B 13-24 0.1 0.494 2.06 0.5 2.39 7.8 <0.005 0.04 1.735 0.01 0.247 0.796 24.4
TP2B 24-33 0.11 0.339 1.695 0.3 1.01 6.25 <0.005 0.03 1.76 0.01 0.207 0.796 22.3
TP2B 33-47 0.13 0.299 1.795 0.2 1.41 6.21 <0.005 0.02 1.695 0.01 0.2 0.724 22.6
TP2B 47-57 0.07 0.271 1.715 0.2 0.76 5.54 <0.005 0.02 1.66 0.01 0.201 0.686 24.1
TP2B 57-74 0.24 0.198 2.17 0.1 0.62 5.25 <0.005 0.03 2.75 0.01 0.222 0.713 23.8
TP2B 74-88 0.21 0.207 2.84 0.1 0.74 5.98 <0.005 0.02 3.95 0.01 0.218 0.813 30.4
TP2B 88-104 0.15 0.268 3.51 0.5 0.79 6.83 <0.005 0.03 5.18 0.01 0.239 0.945 36.3
TP2B 104-114 0.16 0.272 4.21 0.3 0.81 7.25 <0.005 0.02 6.09 0.01 0.263 1.125 39.6
GW 0-16 0.11 0.692 4.44 0.6 2.27 9.6 <0.005 0.04 3.03 0.01 0.292 1 37.8
GW 16-28 0.08 0.756 4.02 0.5 1.45 9.17 <0.005 0.04 3.15 0.01 0.288 1.05 34.8
GW 28-39 0.13 0.434 4.08 0.4 1.31 8.3 <0.005 0.05 3.46 0.01 0.26 1.02 34.4
GW 39-51 0.08 0.301 4.29 0.1 1.03 8.01 <0.005 0.05 3.3 0.01 0.222 0.912 30.8
GW 51-61 0.09 0.188 4.52 0.3 0.81 8.15 <0.005 0.08 3.21 0.01 0.185 0.776 28.5
GW 61-70 0.08 0.172 5.01 0.3 0.68 8.28 <0.005 0.08 3.27 0.01 0.176 0.736 27.4
GW 70-80 0.1 0.143 4.77 0.2 0.57 7.22 <0.005 0.08 3.32 0.01 0.154 0.645 24
GW 80-84 0.06 0.135 4.46 0.1 0.55 6.7 <0.005 0.06 3.33 0.01 0.156 0.615 23.2
GW 84-93 0.09 0.127 4.69 0.1 0.53 5.75 <0.005 0.04 3.33 0.01 0.152 0.569 22.7
GW 93-104 0.14 0.134 5.13 <0.1 0.58 5.83 <0.005 0.04 3.66 0.01 0.154 0.586 23.8
GW 104-114 0.12 0.12 5.37 0.3 0.59 6 <0.005 0.08 4.01 0.01 0.17 0.643 25.1
GW 114-125 0.17 0.134 6.24 0.3 0.63 6.25 <0.005 0.09 4.38 0.01 0.169 0.647 27.2
GW 125-133 0.11 0.145 6.17 0.2 0.68 9.74 <0.005 0.1 4.6 0.01 0.19 0.662 28.4
GW 133-142 0.11 0.133 6.01 0.1 0.68 6.33 <0.005 0.1 4.53 0.01 0.184 0.653 28.5
 123  
 
Site Depth Recvd Wt. W Y Zn Zr
ID cm kg ppm ppm ppm ppm
TP1B 0-14 0.22 0.111 21.9 101.5 4.15
TP1B 14-23 0.18 0.056 29.6 93.6 6.76
TP1B 23-32 0.2 0.059 40 96.8 7.65
TP1B 32-41 0.09 0.058 34.2 89.6 7.83
TP1B 41-53 0.13 0.071 29.4 87.3 7.94
TP2B 0-13 0.27 0.272 9.99 155 1.79
TP2B 13-24 0.1 0.217 9.28 87.3 1.5
TP2B 24-33 0.11 0.116 8.79 49.3 1.22
TP2B 33-47 0.13 0.138 8.57 60.5 1.11
TP2B 47-57 0.07 0.21 7.95 43.2 0.87
TP2B 57-74 0.24 0.105 7.1 40.5 0.63
TP2B 74-88 0.21 0.118 7.87 45.9 0.97
TP2B 88-104 0.15 0.093 8.23 48.2 2.22
TP2B 104-114 0.16 0.1 6.7 52.6 3
GW 0-16 0.11 0.167 19.85 140 1.87
GW 16-28 0.08 0.14 20.7 77.6 1.92
GW 28-39 0.13 0.1 22.8 60.8 2.1
GW 39-51 0.08 0.093 26 56.1 2.59
GW 51-61 0.09 0.08 32.7 64.9 3.68
GW 61-70 0.08 0.078 34.6 69.8 3.62
GW 70-80 0.1 0.084 32.4 60.9 3.21
GW 80-84 0.06 0.084 29.2 56.8 2.49
GW 84-93 0.09 0.085 27.6 53.3 2.22
GW 93-104 0.14 0.075 28.5 55.3 2.04
GW 104-114 0.12 0.086 31.7 59.1 2.25
GW 114-125 0.17 0.083 34.5 63.5 2.7
GW 125-133 0.11 0.086 36.6 66.8 3.46
GW 133-142 0.11 0.085 36.5 68.6 3.59
 124  
Site Depth Recvd Wt. Au Ag Al As B Ba Be Bi Ca Cd Ce Co
ID cm kg ppm ppm % ppm ppm ppm ppm ppm % ppm ppm ppm
TP1A 4.0 - 12 0.09 0.0011 0.823 1.14 14.35 <10 140 0.91 0.222 1.54 1.23 42.9 13.6
TP1A 12.0-26 0.17 0.0008 0.145 1.23 11.25 <10 153 0.88 0.167 0.75 0.41 49.5 12.9
TP1A 26-35 0.17 0.0012 0.16 1.64 16.9 <10 154.5 1.01 0.21 0.96 0.43 56.3 14.5
TP1A 35-38 0.05 0.0011 0.251 1.69 18.2 <10 144.5 0.99 0.223 1.36 0.49 54.3 14.6
TP1A 38-60 0.03 0.0014 0.197 1.64 18.6 <10 115 1.02 0.214 3.78 0.61 45.7 13
TP2A 0-14 0.14 0.0011 1.725 1.14 14.55 <10 129 0.89 0.273 2.66 1.31 47.1 16
TP2A 14-25 0.16 0.0015 0.84 1.2 16.95 <10 136 1.04 0.263 2.62 1.31 48.6 17.9
TP2A 25-40 0.22 0.0093 0.886 1.23 16.7 <10 131 1.02 0.258 2.4 1.64 46.9 16.8
TP2A 40-53 0.06 0.0008 0.219 1.27 8.38 <10 115 0.83 0.106 5.08 0.49 32.7 10.8
TP2A 53-67 0.12 0.0006 0.177 1.48 29.6 <10 94.3 1.59 0.217 1.66 0.47 38.2 23
TP2A 67-85 0.1 0.0004 0.043 1.9 40.2 <10 109 2.61 0.247 0.39 0.23 34.8 27.7
TP2A 85-105 0.13 0.0004 0.067 1.64 28.5 <10 127 1.95 0.248 0.31 0.24 39.1 23.4
GP 0-13 0.06 0.0006 0.078 1.9 9.16 <10 108.5 1.23 0.223 0.67 0.2 56 18.1
GP 13-24 0.09 0.0009 0.057 2.07 5.52 <10 153.5 1.19 0.16 0.36 0.15 67.2 15.1
GP 24-34 0.13 0.0008 0.034 1.92 11.5 <10 126 0.89 0.225 0.23 0.12 73.6 15.7
GP 34-44 0.15 0.0006 0.036 1.77 11.85 <10 128 0.82 0.202 0.2 0.13 72.3 14.7
GP 44-60 0.18 0.0007 0.031 1.71 13.1 <10 131 0.79 0.195 0.18 0.1 76.5 14.8
GP 60-72 0.19 0.0007 0.026 1.64 10.8 <10 114.5 0.84 0.189 0.17 0.09 74.7 16.7
GP 72-85 0.24 0.0008 0.029 1.6 11.45 <10 124.5 0.77 0.186 0.17 0.09 79.2 17.9
GP 85-99 0.16 0.0008 0.031 1.78 11.95 <10 126.5 0.9 0.197 0.17 0.09 74.5 16.6
GP 99-119 0.21 0.0006 0.022 1.63 10.55 <10 119.5 1 0.176 0.17 0.08 83.7 20
GP 119-136 0.13 0.0007 0.028 1.65 9.97 <10 126 0.91 0.176 0.2 0.07 81.5 16.6
 125  
 
Site Depth Recvd Wt. Cr Cs Cu Fe Ga Ge Hf Hg In K La Li Mg
ID cm kg ppm ppm ppm % ppm ppm ppm ppm ppm % ppm ppm %
TP1A 4.0 - 12 0.09 32.2 0.613 48.5 3.01 4.84 0.09 0.054 0.135 0.03 0.1 12.7 10.6 0.39
TP1A 12.0-26 0.17 21.6 0.668 28.5 2.53 4.84 0.08 0.031 0.114 0.02 0.08 15.25 9.3 0.18
TP1A 26-35 0.17 26.3 0.623 42.4 3.4 6.48 0.09 0.047 0.116 0.04 0.1 15.05 10.9 0.26
TP1A 35-38 0.05 28.8 0.662 62.3 3.58 6.54 0.09 0.052 0.127 0.04 0.1 15 11.3 0.33
TP1A 38-60 0.03 27.5 0.894 34.7 3.5 6.69 0.09 0.045 0.098 0.03 0.12 14.2 13.5 0.83
TP2A 0-14 0.14 38.8 0.675 58.8 3.12 4.57 0.08 0.045 0.143 0.03 0.08 14.25 11.2 0.53
TP2A 14-25 0.16 36.4 0.734 57.6 3.37 5 0.09 0.047 0.148 0.03 0.08 14.4 12.1 0.53
TP2A 25-40 0.22 34.9 0.731 56.6 3.29 5.05 0.09 0.043 0.139 0.04 0.09 14.15 12.4 0.46
TP2A 40-53 0.06 22.5 0.61 20.4 2.32 4.25 0.07 0.057 0.043 0.02 0.14 14.7 10.3 0.38
TP2A 53-67 0.12 20.6 1.06 24.7 3.54 5.01 0.07 0.026 0.046 0.04 0.11 13.6 21.8 0.33
TP2A 67-85 0.1 22 1.555 20.6 4.44 6.52 0.09 0.07 0.017 0.04 0.14 12.65 31.9 0.37
TP2A 85-105 0.13 18.5 1.255 20.5 3.88 5.49 0.08 0.052 0.031 0.04 0.1 13.35 25.8 0.28
GP 0-13 0.06 26.4 0.955 18.95 3.58 6.64 0.08 0.034 0.086 0.05 0.11 20.4 15.7 0.29
GP 13-24 0.09 22.2 0.867 14.1 3.28 7.01 0.09 0.042 0.052 0.04 0.2 30 14.9 0.29
GP 24-34 0.13 19.15 1.345 11.95 3 6.42 0.07 0.032 0.085 0.04 0.09 25 9.1 0.11
GP 34-44 0.15 17.4 1.31 11.4 2.8 6.05 0.07 0.03 0.081 0.03 0.08 24.3 8.2 0.09
GP 44-60 0.18 16.95 1.37 10.85 2.91 5.61 0.07 0.031 0.068 0.03 0.07 26.6 7.4 0.08
GP 60-72 0.19 16.55 1.2 10.3 2.68 5.35 0.06 0.026 0.065 0.04 0.07 24.4 7.7 0.08
GP 72-85 0.24 15.95 1.2 10.45 2.71 5.17 0.07 0.032 0.065 0.03 0.07 26.4 7.2 0.08
GP 85-99 0.16 17.25 1.2 11.6 2.92 5.88 0.07 0.028 0.077 0.03 0.08 25.9 8.6 0.09
GP 99-119 0.21 16.65 1.105 11 2.69 5.43 0.07 0.032 0.067 0.03 0.08 27.5 9 0.08
GP 119-136 0.13 16.35 1.13 10.95 2.53 5.45 0.07 0.034 0.063 0.02 0.07 28.3 8.6 0.08
 126  
 
  
Site Depth Recvd Wt. Mn Mo Na Nb Ni P Pb Pd Pt Rb Re S
ID cm kg ppm ppm % ppm ppm % ppm ppm ppm ppm ppm %
TP1A 4.0 - 12 0.09 1585 2.04 0.004 0.49 20.3 0.049 115 0.009 0.005 12.1 <0.001 0.04
TP1A 12.0-26 0.17 1420 1.02 0.001 0.39 14.85 0.028 62.7 <0.001 <0.002 12.5 <0.001 0.01
TP1A 26-35 0.17 1730 1.34 <0.001 0.36 19.65 0.032 56.5 0.002 <0.002 14.6 <0.001 0.01
TP1A 35-38 0.05 1790 1.53 0.002 0.41 20.1 0.038 68.1 0.001 0.002 15.15 <0.001 0.01
TP1A 38-60 0.03 1065 1.3 0.003 0.57 20.2 0.055 122 0.005 0.002 15.25 <0.001 0.02
TP2A 0-14 0.14 1895 2.5 0.002 0.65 24.4 0.054 122 0.01 0.021 11.45 <0.001 0.04
TP2A 14-25 0.16 1970 2.29 0.003 0.52 24.2 0.053 130 0.005 0.006 11.65 <0.001 0.04
TP2A 25-40 0.22 1915 2.37 0.003 0.59 25.4 0.048 150 0.018 0.01 12.9 <0.001 0.04
TP2A 40-53 0.06 840 0.91 0.007 0.96 15.8 0.055 42 0.001 0.003 13.4 <0.001 0.06
TP2A 53-67 0.12 1500 0.79 0.005 0.36 24.9 0.054 51.5 <0.001 <0.002 11.6 <0.001 0.02
TP2A 67-85 0.1 1195 0.45 0.007 0.08 38.6 0.062 24.7 <0.001 <0.002 13.05 <0.001 0.01
TP2A 85-105 0.13 606 0.43 0.005 0.15 27.2 0.06 34.9 <0.001 <0.002 11.45 <0.001 0.03
GP 0-13 0.06 1475 0.73 0.005 0.44 19.45 0.047 35.7 0.003 0.003 16.05 <0.001 0.03
GP 13-24 0.09 931 0.61 0.005 0.86 16.8 0.048 21.6 <0.001 <0.002 25.3 <0.001 0.02
GP 24-34 0.13 1820 0.89 0.003 0.4 13.8 0.039 29.4 <0.001 <0.002 19.25 <0.001 0.01
GP 34-44 0.15 2930 0.9 0.003 0.41 12.7 0.037 26.6 <0.001 <0.002 18.25 <0.001 0.01
GP 44-60 0.18 3080 0.96 0.005 0.37 12.3 0.035 26 0.001 <0.002 17.4 <0.001 0.01
GP 60-72 0.19 2580 0.8 0.003 0.33 11.75 0.033 28.5 0.002 <0.002 15.95 <0.001 0.01
GP 72-85 0.24 2940 0.87 0.003 0.35 11.75 0.033 29.6 0.001 <0.002 15.8 <0.001 0.02
GP 85-99 0.16 2570 0.95 0.002 0.39 12.8 0.037 29.6 <0.001 <0.002 17.6 <0.001 0.02
GP 99-119 0.21 2660 0.84 0.002 0.34 12.1 0.036 31.8 <0.001 <0.002 16.1 <0.001 0.03
GP 119-136 0.13 3350 0.82 0.003 0.37 12 0.036 28.7 0.001 <0.002 16.5 <0.001 0.03
 127  
Site Depth Recvd Wt. Sb Sc Se Sn Sr Ta Te Th Ti Tl U V
ID cm kg ppm ppm ppm ppm ppm ppm ppm ppm % ppm ppm ppm
TP1A 4.0 - 12 0.09 0.911 3.74 0.7 6.77 20.1 <0.005 0.05 2.41 0.01 0.2 0.79 27.7
TP1A 12.0-26 0.17 0.566 4.41 0.3 3.12 11.15 <0.005 0.03 3.56 0.01 0.238 0.804 29.1
TP1A 26-35 0.17 0.541 5.8 0.5 2.96 12.55 <0.005 0.04 4.92 0.01 0.243 1.08 40.2
TP1A 35-38 0.05 0.527 5.77 0.4 2.88 19.3 <0.005 0.05 4.94 0.01 0.254 1.09 40.8
TP1A 38-60 0.03 0.468 5.25 0.5 2.38 62.8 <0.005 0.07 4.27 0.02 0.228 0.894 40.6
TP2A 0-14 0.14 1.24 3.57 0.7 8.92 32.6 <0.005 0.03 2.73 0.01 0.183 0.715 31
TP2A 14-25 0.16 1.14 4.02 0.5 10.25 33.7 <0.005 0.04 2.92 0.01 0.193 0.735 31.6
TP2A 25-40 0.22 0.976 4.31 0.7 6.74 32.3 <0.005 0.02 2.48 0.02 0.195 0.734 30.1
TP2A 40-53 0.06 0.364 3.78 0.4 2.24 48 <0.005 0.02 5.37 0.06 0.121 0.766 25.8
TP2A 53-67 0.12 0.337 4.99 0.3 1.67 26.7 <0.005 0.02 3.58 0.01 0.12 0.596 25.6
TP2A 67-85 0.1 0.168 5.96 0.3 0.85 14.25 <0.005 0.03 5.11 0.01 0.097 0.642 25.8
TP2A 85-105 0.13 0.178 5.76 0.2 0.87 9.45 <0.005 0.03 5.39 0.01 0.094 0.67 25.4
GP 0-13 0.06 0.26 5.37 0.5 1.41 14.35 <0.005 0.04 4.17 0.01 0.182 0.798 34
GP 13-24 0.09 0.172 5.65 0.3 1.04 13.65 <0.005 0.03 6.55 0.04 0.217 1.11 35.8
GP 24-34 0.13 0.315 4.18 0.4 1.19 9.93 <0.005 0.03 4.93 0.01 0.27 1.025 38.7
GP 34-44 0.15 0.351 3.93 0.5 1.12 9.09 <0.005 0.04 4.37 0.01 0.274 1.005 37.5
GP 44-60 0.18 0.335 3.54 0.5 1 8.54 <0.005 0.03 4.37 0.01 0.267 1.09 39.5
GP 60-72 0.19 0.261 3.47 0.4 0.8 7.63 <0.005 0.02 4.2 0.01 0.233 0.945 33.1
GP 72-85 0.24 0.303 3.4 0.4 0.89 6.98 <0.005 0.03 4.18 0.01 0.231 0.943 32.6
GP 85-99 0.16 0.264 3.77 0.4 0.89 7.39 <0.005 0.03 4.55 0.01 0.236 0.956 34.8
GP 99-119 0.21 0.26 3.83 0.6 0.76 6.38 <0.005 0.02 4.14 0.01 0.22 0.908 32.2
GP 119-136 0.13 0.261 3.66 0.5 0.74 7.08 <0.005 0.02 3.89 0.01 0.223 0.924 32.2
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Site Depth Recvd Wt. W Y Zn Zr
ID cm kg ppm ppm ppm ppm
TP1A 4.0 - 12 0.09 0.435 12.75 293 2.11
TP1A 12.0-26 0.17 0.18 14.05 101 1.54
TP1A 26-35 0.17 0.352 13.7 120.5 2.27
TP1A 35-38 0.05 0.49 13.85 148 2.42
TP1A 38-60 0.03 0.184 13.9 194 2.1
TP2A 0-14 0.14 0.632 15.1 378 1.7
TP2A 14-25 0.16 0.527 15.8 372 1.62
TP2A 25-40 0.22 0.483 15.05 404 1.72
TP2A 40-53 0.06 0.176 12.6 144.5 4.1
TP2A 53-67 0.12 0.17 21.3 161 1.7
TP2A 67-85 0.1 0.051 22.6 129 4.11
TP2A 85-105 0.13 0.13 24.8 107 3.41
GP 0-13 0.06 0.093 21.1 98.2 1.86
GP 13-24 0.09 0.054 19.45 69 2.8
GP 24-34 0.13 0.086 15.95 50 2.03
GP 34-44 0.15 0.094 14.85 46.3 1.89
GP 44-60 0.18 0.086 16.05 42.3 1.73
GP 60-72 0.19 0.07 14.85 40.3 1.73
GP 72-85 0.24 0.082 15.15 38.9 1.96
GP 85-99 0.16 0.062 14.85 45.2 1.78
GP 99-119 0.21 0.065 16.25 39.4 2.12
GP 119-136 0.13 0.107 16.45 39.6 1.89
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APPENDIX G: STATISTICAL RESULTS 
 
• Correlation matrix for all data generated using SAS software 
• Correlation matrices for individual profiles generated using SAS software 
• Linear regression analysis for 210Pb data generated using EXCEL  
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Correlation Matrix Results – All data 
 
 Depth Clay Silt Sand Gravel OM Cd Cr Cu Hg Mn Pb Zn 
 
Depth 
1 -0.06028 0.03739 0.1151 -0.13205 -0.63567 -0.32077 -0.34734 -0.56049 -0.37086 -0.02844 -0.50329 -0.43581 
 0.5555 0.7148 0.2591 0.1949 <.0001 0.0011 0.0004 <.0001 0.0001 0.7788 <.0001 <.0001 
100 98 98 98 98 100 100 100 100 100 100 100 100 
 
Clay 
-0.06028 1 0.10959 -0.56897 -0.35602 0.30203 -0.26304 0.07727 -0.16388 -0.10676 0.10507 -0.32459 -0.31461 
0.5555  0.2827 <.0001 0.0003 0.0025 0.0089 0.4495 0.1069 0.2954 0.3032 0.0011 0.0016 
98 98 98 98 98 98 98 98 98 98 98 98 98 
 
Silt 
0.03739 0.10959 1 -0.56176 -0.48439 0.14826 -0.46721 -0.49899 -0.43949 -0.03233 0.423 -0.32805 -0.46317 
0.7148 0.2827  <.0001 <.0001 0.1451 <.0001 <.0001 <.0001 0.752 <.0001 0.001 <.0001 
98 98 98 98 98 98 98 98 98 98 98 98 98 
 
Sand 
0.1151 -0.56897 -0.56176 1 -0.10592 -0.29452 0.52317 0.30831 0.26531 -0.01758 -0.28487 0.2356 0.48784 
0.2591 <.0001 <.0001  0.2993 0.0032 <.0001 0.002 0.0083 0.8636 0.0045 0.0195 <.0001 
98 98 98 98 98 98 98 98 98 98 98 98 98 
 
Gravel 
-0.13205 -0.35602 -0.48439 -0.10592 1 -0.07388 0.1043 0.08464 0.30268 0.15886 -0.19474 0.37351 0.19232 
0.1949 0.0003 <.0001 0.2993  0.4697 0.3068 0.4073 0.0025 0.1182 0.0547 0.0002 0.0578 
98 98 98 98 98 98 98 98 98 98 98 98 98 
 
OM 
-0.63567 0.30203 0.14826 -0.29452 -0.07388 1 0.36859 0.57111 0.55809 0.45372 0.31225 0.50803 0.48783 
<.0001 0.0025 0.1451 0.0032 0.4697  0.0002 <.0001 <.0001 <.0001 0.0016 <.0001 <.0001 
100 98 98 98 98 100 100 100 100 100 100 100 100 
 
Cd 
-0.32077 -0.26304 -0.46721 0.52317 0.1043 0.36859 1 0.71681 0.77199 0.67997 0.10616 0.8708 0.9313 
0.0011 0.0089 <.0001 <.0001 0.3068 0.0002  <.0001 <.0001 <.0001 0.2932 <.0001 <.0001 
100 98 98 98 98 100 100 100 100 100 100 100 100 
 
Cr 
-0.34734 0.07727 -0.49899 0.30831 0.08464 0.57111 0.71681 1 0.76993 0.44207 -0.03219 0.59485 0.79952 
0.0004 0.4495 <.0001 0.002 0.4073 <.0001 <.0001  <.0001 <.0001 0.7505 <.0001 <.0001 
100 98 98 98 98 100 100 100 100 100 100 100 100 
 
Cu 
-0.56049 -0.16388 -0.43949 0.26531 0.30268 0.55809 0.77199 0.76993 1 0.68342 0.01559 0.82929 0.87131 
<.0001 0.1069 <.0001 0.0083 0.0025 <.0001 <.0001 <.0001  <.0001 0.8777 <.0001 <.0001 
100 98 98 98 98 100 100 100 100 100 100 100 100 
 
Hg 
-0.37086 -0.10676 -0.03233 -0.01758 0.15886 0.45372 0.67997 0.44207 0.68342 1 0.3264 0.76516 0.63268 
0.0001 0.2954 0.752 0.8636 0.1182 <.0001 <.0001 <.0001 <.0001  0.0009 <.0001 <.0001 
100 98 98 98 98 100 100 100 100 100 100 100 100 
 
Mn 
-0.02844 0.10507 0.423 -0.28487 -0.19474 0.31225 0.10616 -0.03219 0.01559 0.3264 1 0.16135 0.0227 
0.7788 0.3032 <.0001 0.0045 0.0547 0.0016 0.2932 0.7505 0.8777 0.0009  0.1088 0.8226 
100 98 98 98 98 100 100 100 100 100 100 100 100 
 
Pb 
-0.50329 -0.32459 -0.32805 0.2356 0.37351 0.50803 0.8708 0.59485 0.82929 0.76516 0.16135 1 0.89501 
<.0001 0.0011 0.001 0.0195 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001 0.1088  <.0001 
100 98 98 98 98 100 100 100 100 100 100 100 100 
 
Zn 
-0.43581 -0.31461 -0.46317 0.48784 0.19232 0.48783 0.9313 0.79952 0.87131 0.63268 0.0227 0.89501 1 
<.0001 0.0016 <.0001 <.0001 0.0578 <.0001 <.0001 <.0001 <.0001 <.0001 0.8226 <.0001  
100 98 98 98 98 100 100 100 100 100 100 100 100 
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Depth Clay Silt Sand Gravel OM Cd Cr Cu Hg Mn Pb Zn
. . . . . . . . . . . . .
. . . . . . . . . . . . .
2 2 2 2 2 2 2 2 2 2 2 2 2
-0.89776 1 -1 -1 1 1 -1 -1 -1 -1 -1 -1 -1
0.1022 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
4 4 4 4 4 4 4 4 4 4 4 4 4
. . . . . . . . . . . . .
. . . . . . . . . . . . .
2 2 2 2 2 2 2 2 2 2 2 2 2
-0.3621 -0.39129 -0.1472 0.50316 -0.43514 0.52923 0.76596 0.78912 0.62937 0.63172 0.25133 0.71813 0.83226
0.0583 0.0395 0.4548 0.0063 0.0207 0.0038 <.0001 <.0001 0.0003 0.0003 0.197 <.0001 <.0001
28 28 28 28 28 28 28 28 28 28 28 28 28
-0.37534 -0.40595 -0.15391 0.51826 -0.44141 0.5645 0.78714 0.82066 0.64795 0.63593 0.24686 0.72683 0.85585
0.049 0.0321 0.4342 0.0047 0.0187 0.0018 <.0001 <.0001 0.0002 0.0003 0.2054 <.0001 <.0001
28 28 28 28 28 28 28 28 28 28 28 28 28
-0.19824 -0.73296 -0.25945 0.87545 -0.67733 0.59598 0.68899 0.87983 0.71693 0.70912 0.73213 0.61866 0.80814
0.4617 0.0012 0.3319 <.0001 0.0039 0.0148 0.0032 <.0001 0.0018 0.0021 0.0013 0.0106 0.0002
16 16 16 16 16 16 16 16 16 16 16 16 16
0.18313 -0.83646 -0.77116 0.86429 -0.53055 -0.03706 0.57911 0.8362 0.74366 0.75211 0.84671 0.4886 0.73236
0.5689 0.0007 0.0033 0.0003 0.076 0.909 0.0485 0.0007 0.0056 0.0048 0.0005 0.107 0.0068
12 12 12 12 12 12 12 12 12 12 12 12 12
. . . . . . . . . . . . .
. . . . . . . . . . . . .
2 2 2 2 2 2 2 2 2 2 2 2 2
-0.14292 -0.69902 -0.41308 0.90354 -0.64934 0.55377 0.73624 0.85522 0.76323 0.74794 0.78364 0.67433 0.83769
0.5716 0.0012 0.0884 <.0001 0.0035 0.0171 0.0005 <.0001 0.0002 0.0004 0.0001 0.0021 <.0001
18 18 18 18 18 18 18 18 18 18 18 18 18
0.03251 -0.78716 -0.68974 0.82563 -0.51311 -0.04175 0.50863 0.84727 0.73311 0.75362 0.77786 0.54454 0.66515
0.929 0.0069 0.0273 0.0033 0.1293 0.9088 0.1333 0.002 0.0158 0.0118 0.0081 0.1036 0.0358
10 10 10 10 10 10 10 10 10 10 10 10 10
-0.34953 -0.40524 -0.08416 0.47858 -0.44974 0.51949 0.74657 0.81484 0.60634 0.62187 0.19982 0.69234 0.81978
0.0801 0.04 0.6827 0.0134 0.0212 0.0065 <.0001 <.0001 0.001 0.0007 0.3277 <.0001 <.0001
26 26 26 26 26 26 26 26 26 26 26 26 26
-0.3561 -0.42235 -0.08004 0.49713 -0.47621 0.56332 0.77065 0.84539 0.62331 0.61279 0.20812 0.70455 0.84903
0.0742 0.0316 0.6975 0.0098 0.0139 0.0027 <.0001 <.0001 0.0007 0.0009 0.3076 <.0001 <.0001
26 26 26 26 26 26 26 26 26 26 26 26 26
0.05505 -0.62868 -0.99049 0.85138 0.82436 -0.86603 0.93297 0.93083 0.95317 0.67369 -0.44628 0.74694 0.97901
0.9175 0.1812 0.0001 0.0315 0.0436 0.0257 0.0066 0.007 0.0032 0.1423 0.375 0.088 0.0007
6 6 6 6 6 6 6 6 6 6 6 6 6
0.20905 -0.62293 -0.70412 0.78356 -0.14676 -0.02998 0.54096 0.69134 0.68307 0.62088 -0.11907 0.46375 0.64634
0.4371 0.0099 0.0023 0.0003 0.5876 0.9122 0.0305 0.003 0.0035 0.0103 0.6605 0.0704 0.0068
16 16 16 16 16 16 16 16 16 16 16 16 16
-0.35063 -0.40306 -0.09062 0.4743 -0.43385 0.52104 0.74243 0.81473 0.60904 0.62175 0.20158 0.68764 0.81559
0.0791 0.0412 0.6598 0.0144 0.0268 0.0063 <.0001 <.0001 0.001 0.0007 0.3234 0.0001 <.0001
26 26 26 26 26 26 26 26 26 26 26 26 26
-0.38831 -0.39576 -0.14776 0.50463 -0.43194 0.56389 0.78284 0.81624 0.64339 0.6491 0.24856 0.72882 0.84736
0.0412 0.0371 0.453 0.0062 0.0217 0.0018 <.0001 <.0001 0.0002 0.0002 0.2022 <.0001 <.0001
28 28 28 28 28 28 28 28 28 28 28 28 28
Dibenzo(a,h)anthrace
ne
Fluoranthene
1 Methylnapthalene
2 Methylnapthalene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Carbazole
Chrysene
Indeno(1,2,3,c,d)pyre
ne
Napthalene
Phenanthrene
Pyrene
Total PAHs
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depth clay silt sand gravel OM
-0.06617 -0.19397 -0.07089 0.17471 -0.17029 0.10185
0.738 0.3226 0.72 0.3739 0.3863 0.6061
0.4344 0.37043 -0.22057 -0.16276 -0.39158 0.1869
0.0209 0.0523 0.2594 0.408 0.0393 0.3409
-0.81071 0.35054 0.59052 -0.53225 0.16551 0.6828
<.0001 0.0674 0.0009 0.0036 0.4 <.0001
-0.75707 0.47691 0.72722 -0.68923 0.40002 0.81886
<.0001 0.0103 <.0001 <.0001 0.0349 <.0001
-0.91401 0.49246 0.85483 -0.76005 0.32162 0.88288
<.0001 0.0078 <.0001 <.0001 0.0951 <.0001
-0.69276 0.38562 0.67839 -0.59919 0.21247 0.77703
<.0001 0.0427 <.0001 0.0008 0.2777 <.0001
-0.5003 0.37618 0.48885 -0.50237 0.03003 0.70686
0.0067 0.0485 0.0083 0.0064 0.8794 <.0001
PAH
Positive significant correlation
Negative significant correlation
Cd
Cr
Cu
Hg
SAS Correlation Matrix for Third Creek Greenway Site (GW)
Mn
Pb
Zn
Insufficient Data
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depth clay silt sand gravel OM
-0.87068 -0.457 -0.56524 0.44565 0.73855 0.60144
<.0001 0.0566 0.0145 0.0638 0.0005 0.005
20 18 18 18 18 20
-0.73413 -0.52358 -0.73748 0.63558 0.76681 0.71732
0.0002 0.0257 0.0005 0.0046 0.0002 0.0004
20 18 18 18 18 20
-0.63688 -0.49169 -0.72668 0.61462 0.7648 0.8207
0.0025 0.0382 0.0006 0.0066 0.0002 <.0001
20 18 18 18 18 20
-0.33042 0.55981 0.28691 -0.47602 -0.01832 0.5085
0.1548 0.0157 0.2484 0.0458 0.9425 0.0221
20 18 18 18 18 20
0.72196 0.48598 0.68636 -0.62645 -0.62463 -0.27801
0.0003 0.0409 0.0017 0.0054 0.0056 0.2353
20 18 18 18 18 20
0.11796 0.21077 -0.13181 0.00998 0.14496 0.64871
0.6204 0.4012 0.6021 0.9686 0.566 0.002
20 18 18 18 18 20
-0.70697 -0.54488 -0.73072 0.62667 0.78926 0.75002
0.0005 0.0194 0.0006 0.0054 <.0001 0.0001
20 18 18 18 18 20
PAH 
Positive significant correlation
Negative significant correlation
Cd
Cr
Cu
SAS Correlation Matrix for Third Creek Greenway Park (GP)
Hg
Mn
Pb
Zn
Insufficient data
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depth clay silt sand gravel OM
-0.51646 -0.57463 0.12353 0.62315 -0.12209 0.92168
0.1264 0.0823 0.7339 0.0543 0.7369 0.0001
-0.11982 -0.43605 -0.1852 0.23724 0.12033 0.92845
0.7416 0.2078 0.6085 0.5093 0.7405 0.0001
0.00872 0.10438 0.0731 0.12688 -0.13165 0.53951
0.9809 0.7741 0.8409 0.7269 0.717 0.1075
-0.66816 0.18967 0.70317 0.81677 -0.72771 0.7045
0.0347 0.5997 0.0233 0.0039 0.017 0.0229
-0.3528 0.71247 0.62097 0.43079 -0.71858 0.28511
0.3173 0.0208 0.0554 0.2139 0.0192 0.4246
0.08065 -0.94623 -0.54684 -0.04232 0.59242 0.52796
0.8247 <.0001 0.1019 0.9076 0.0711 0.1167
-0.31043 -0.70167 -0.12055 0.4118 0.11897 0.9068
0.3827 0.0237 0.7401 0.237 0.7434 0.0003
-0.84328 -0.79784 0.4455 0.95089 -0.54539 0.80574
0.0085 0.0176 0.2686 0.0003 0.1621 0.0158
Positive significant correlation
Negative significant correlation
Cd
Cr
Cu
Hg
SAS Correlation Matrix for Tyson Park Site 1A (TP1A)
Mn
Pb
Zn
PAHs
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depth clay silt sand gravel OM
-0.71176 0.17608 0.09494 -0.78303 0.9804 0.98592
0.021 0.6265 0.7942 0.0074 <.0001 <.0001
0.6815 -0.08819 -0.2169 0.77374 -0.89929 -0.9317
0.03 0.8086 0.5472 0.0086 0.0004 <.0001
-0.09828 -0.11948 0.2246 -0.22284 0.45517 0.54844
0.7871 0.7423 0.5327 0.536 0.1862 0.1007
-0.6346 0.16464 0.1275 -0.78239 0.85776 0.9568
0.0487 0.6495 0.7256 0.0075 0.0015 <.0001
0.82968 -0.38475 0.08226 0.93022 -0.91712 -0.96886
0.003 0.2723 0.8213 <.0001 0.0002 <.0001
-0.41891 -0.07163 0.30284 -0.5428 0.80273 0.86985
0.2282 0.8441 0.395 0.105 0.0052 0.0011
-0.85069 0.56155 -0.38221 -0.81064 0.88611 0.79259
0.0018 0.0912 0.2757 0.0044 0.0006 0.0063
PAHs 
Positive significant correlation
Negative significant correlation
SAS Correlation Matrix for Tyson Park Site1B (TP1B)
NONE DETECTED
Mn
Pb
Zn
Cd
Cr
Cu
Hg
 136  
  
depth clay silt sand gravel OM
-0.82637 0.76933 0.78237 -0.00566 -0.77248 0.88041
0.0003 0.0013 0.0009 0.9847 0.0012 <.0001
-0.88739 0.74585 0.75254 -0.05867 -0.6917 0.9487
<.0001 0.0022 0.0019 0.8421 0.0061 <.0001
-0.83553 0.83855 0.83281 -0.10327 -0.73496 0.95979
0.0002 0.0002 0.0002 0.7253 0.0027 <.0001
-0.85895 0.78503 0.7737 0.02611 -0.79953 0.92393
<.0001 0.0009 0.0012 0.9294 0.0006 <.0001
-0.79818 0.74162 0.71763 -0.29848 -0.43701 0.83419
0.0006 0.0024 0.0039 0.2999 0.1182 0.0002
-0.80459 0.81266 0.81397 -0.03657 -0.7784 0.89537
0.0005 0.0004 0.0004 0.9012 0.001 <.0001
-0.84685 0.80569 0.81051 -0.08302 -0.72879 0.93091
0.0001 0.0005 0.0004 0.7778 0.0031 <.0001
-0.85025 0.70145 0.65461 -0.36994 -0.72621 0.84232
0.0018 0.0238 0.04 0.2927 0.0174 0.0022
Positive significant correlation
Negative significant correlation
Cd
Cr
Cu
Hg
SAS Correlation Matrix for Tyson Park Site 2A (TP2A)
Mn
Pb
Zn
PAHs
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depth clay silt sand gravel OM
-0.78798 0.31713 0.09451 0.0208 -0.15361 0.98056
0.0001 0.1997 0.7091 0.9347 0.5428 <.0001
-0.10964 0.62008 0.6357 -0.30372 -0.55285 0.69643
0.665 0.006 0.0046 0.2205 0.0173 0.0013
-0.59578 0.45015 0.29926 -0.06182 -0.34734 0.94636
0.0091 0.0609 0.2277 0.8075 0.1579 <.0001
0.23265 0.57193 0.69291 -0.34013 -0.59942 0.4039
0.3529 0.0131 0.0014 0.1673 0.0086 0.0965
-0.90582 -0.08275 -0.36131 0.18613 0.31638 0.80502
<.0001 0.7441 0.1407 0.4596 0.2009 <.0001
-0.82933 0.26895 0.02879 0.04797 -0.09189 0.97589
<.0001 0.2805 0.9097 0.8501 0.7169 <.0001
-0.6385 0.40851 0.25575 -0.03848 -0.30378 0.9573
0.0043 0.0924 0.3057 0.8795 0.2204 <.0001
-0.88656 0.68588 0.72357 -0.54462 -0.65061 0.99502
0.0186 0.1325 0.1041 0.2638 0.1618 <.0001
Positive significant correlation
Negative significant correlation
Cd
Cr
Cu
Hg
SAS Correlation Matrix for Tyson Park Site 2B (TP2B)
Mn
Pb
Zn
PAHs
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Regression Statistics
Multiple R 0.901146
R Square 0.8120642
Adjusted R Square 0.7494189
Standard Error 0.5296815
Observations 5
ANOVA
df SS MS F Significance F
Regression 1 3.636902515 3.636903 12.9629 0.036751758
Residual 3 0.84168741 0.280562
Total 4 4.478589926
Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 5.4101358 0.479381823 11.28565 0.00149 3.884528838 6.935742663 3.884528838 6.935742663
X Variable 1 -0.045333 0.012591137 -3.6004 0.03675 -0.08540378 -0.005262543 -0.08540378 -0.005262543
Summary Output for the Linear Regression Analysis of 
210
Pb Data
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